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Executive Summary  
The conversion of natural forest area to other uses is and has been a growing trend 
worldwide, especially in densely populated countries. Since Puerto Rico has a very concentrated 
population, the conservation of natural forests and resources is crucial. The purpose of this 
project is to assist the Department of Natural and Environmental Resources in designing a 
management plan that will ensure safe human-nature interaction in one region of the Río Abajo 
Forest. The team surveyed the area to determine the physical and ecological character of this 
location and integrate the information into a Geographical Information System. After the data 
were analyzed, the group proposed low-impact uses with the goal of facilitating visitor 
enjoyment and public attention to forest conservation through an educational program. In 
addition to its implementation in the Río Abajo Forest, the ultimate goal of this project is to 
provide an effective example of a low-impact forest conservation plan for similar regions in 
Puerto Rico and the Caribbean. 
Las Perdices Wetland of the Río Abajo Forest is located in the mountainous karst region 
of Puerto Rico. The karst limestone acts as a valuable aquifer for the island’s drinking water, 
which is one reason that it is imperative to protect the area from conversion to other uses. The 
Río Abajo is also home to a number of endangered species endemic to Puerto Rico, the most 
renowned being the Puerto Rican parrot. The parrots are currently housed in the Dr. José Vivaldi 
Aviary, which is within the forest. They will be reintroduced to their traditional karst habitat in 
2006 for the first time since the 1920s.  
Since the Río Abajo Forest and Las Perdices Wetland give shelter to several endangered 
species, and the karst geology creates usable freshwater through limestone aquifers, the 
management plan consists explicitly of low-impact uses, focusing on the education and touring 
of a relatively small number of people per day. The DNER is expecting to enhance the natural 
experience for existing visitors; the goal is not to create a tourist attraction. The US Fish & 
Wildlife Service, the Legacy Program, FLEP, and private investors can all provide sponsorship 
to the management plan for restoring the area. In consideration of the Puerto Rican parrot and 
other rare or endangered species, we have designed a system of trails and posts that avoid areas 
known to be potential nesting spots and/or habitats.  
Our objectives from the DNER for this project were to: 
• identify and describe the physical characteristics of the wetlands;  
• identify potential passive recreational uses;  
• identify the potential use of the paths that interconnect Las Perdices marshes with other 
wetlands, at the same time serving as interpretive paths;  
• recommend the most adequate alternatives in completing construction projects;  
• analyze the carrying capacity;  
• recommend several types of educational and tourist workshops;  
• recommend and evaluate the possible use of the facilities of María Soto as an exit place 
and parking;  
• evaluate the advantages and disadvantages of this project for the natural area in question. 
Our first step in achieving these objectives was to get out into the wetland so that we 
could see and understand all of the aspects of the region that we would be dealing with in our 
recommendations. We took flora and fauna inventories throughout the wetland trails. From these 
inventories, we created databases of flora and fauna that were useful for planning ongoing 
monitoring of change, educational efforts, and noting particular points of interest for informative 
signs and bird watching locales along the way. We trekked through old plantation paths to 
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determine if they would be adequate for use as new trails, then explored the María Soto 
Campground’s facilities, existing trails, and parking area to decide if they would be suitable and 
useful for Las Perdices visitors as well as campers. We researched different types of eco-friendly 
construction, and determined the structures that could be used in Río Abajo. We investigated the 
attributes of tourism carrying capacities and the guidelines we should follow. We created an 
informational and interactive visitor’s guide in Microsoft PowerPoint.  
Once we evaluated the appealing sites on the wetland trails, we listed the notable flora 
and fauna, and any other remarkable information from the location (Figure 1). We compiled our 
information to create thirteen points of interest for excursions (Figure 2).  
In order to decide what structures and activities we should bring to the Río Abajo, we 
visited and studied existing ecotourism sites in Puerto Rico and drew inspiration from each. 
From the Cabo Rojo Natural Reserve we identified options for a compost restroom, solar panels 
over the Visitor Center, observation tower, company sponsorships, and guided tours. At San 
Patricio Forest, we enjoyed the universal accessibility and community involvement. Río Camuy 
Caves National Park had signs labeling the species of the plants and trees. The Cambalache 
forest’s trail system and informational signs, as well as the interactive CD provided to us before 
visiting provide models for the Río Abajo. The Visitor Center there is universally accessible, but 
not the entire park; this user-friendly intention could provide for some additional funding if the 
DNER were to use it in the Río Abajo Forest, as some funding sources require ADA compliance. 
Las Cabezas de San Juan Reserve has a wooden walking trail over their wetland region which 
would serve as an ideal example for a walkway over Las Perdices Wetland.  
Our management plan includes recommendations for renovating the trails left by loggers 
from the forest’s timbering past, and converting them for low-impact public use. This will 
involve the careful clearing of one trail from the María Soto campground to Las Perdices, and 
another trail connecting the wetland to the caves. Along these paths, we recommend the 
placement of educational signs describing the wildlife and history of each area. If possible, we 
also recommend one observation post or deck overlooking the wetland for bird watching, and 
another high-canopy bird watching post adjacent to a sinkhole. We recommend the configuration 
of a natural amphitheatre for nature talks and a meditation area for relaxation. We recommend 
the integration of the neighboring community, Comunidad Jobos, as part of the management of 
the forest. Finally, we recommend that the Visitor Center be refashioned and updated to include 
trail guides and a virtual tour.  
Should our preferred recommendations be deemed unrealistic, we offer the following 
more modest alternatives: to finish clearing the wetland trail to the extent that the DNER had 
originally planned; to replace the restrooms in the María Soto campground with compost rooms; 
and to restore the Visitor Center to its active state.  
Overall, we hope that our recommendations will make Las Perdices in Río Abajo an 
enjoyable refuge for nature-lovers of all ages, consistent with the motto, “Take only pictures; 
leave only footprints.” 
    
        Figure 1: Typical wetland wildlife - Cupey seed, Puerto Rican tody, Maga, White-lipped frog. 
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Figure 2: Las Perdices Trail Map. 
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Abstract 
This report, prepared for the DNER, evaluates Las Perdices Wetland of Río Abajo for the 
implementation of recreational and educational activities. The karst landscape, soil, wildlife, and 
endangered species were especially considered to ensure they continue to thrive. Through 
extensive field data collection, interviews with experts from the DNER and USFWS, and 
unlimited guidance from the DNER liaisons, the WPI group recommends the development of an 
interpretive trail system, with informational signs, observation deck, updated Visitor Center and 
virtual tour.  
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Chapter 1. INTRODUCTION 
Computers, email, faxes, cell phones, lectures, meetings, cars, horns, alarms, bass—all 
the things that come with a bustling metropolis. It is hard to find a place of refuge in such a 
demanding world. Some may find this refuge within; but for others, a trip to a quiet getaway may 
be in order. As our cities grow, though, meditation areas become fewer and farther between. 
Those who care to venture to these jewels of nature know that their preservation is imperative. 
Those who do not seek natural asylum may not realize their own reliance on such lands.  
Natural reserves, while soothing to the soul, generally offer more than a relaxing pastime. 
The area’s main function may be to hold drinking water, house rare or endangered wildlife, 
conserve a native ecosystem, or any number of other uses. For Las Perdices Wetland of the Río 
Abajo Forest in Puerto Rico, all these purposes are currently achieved. The next course of action 
is to implement passive activities into the area. 
This team of students from Worcester Polytechnic Institute, in coordination with the 
Puerto Rico Department of Natural and Environmental Resources Forestry Service (DNER), set 
out to assess the feasibility of and make recommendations for establishing low-impact 
recreational and educational activities in and around Las Perdices Wetland. 
The Río Abajo is an interesting forest because it is situated within the Puerto Rican karst 
belt. Karst refers to a limestone area with a mountainous mogote landscape, which filters 
rainwater into an underground reservoir, in this case to the reservoir Lago Dos Bocas. The 
reservoir supplies potable water to nearly a quarter of the island’s population. The tall haystack-
shaped mogotes are unique to karst regions, and very common about the Río Abajo. Several 
local mogotes in a ring form a kidney-shaped drainage area, which empties into Las Perdices 
Wetland. 
Las Perdices is home to a host of native and exotic wildlife. Its namesake, La Perdiz 
dove, was once a very common inhabitant of the area. Today La Perdiz is a rare sight, yet still 
most commonly found within the wetland. The decrease in the number of this particular 
species—one that was once so common that the wetland was named for it—demonstrates the 
need for preservation in this area. 
The best-known endangered species in the Río Abajo is the Puerto Rican parrot. This is 
the only parrot endemic to the United States, and its numbers have so dwindled that the majority 
of the species consider home the José Vivaldi Aviary in the Río Abajo. The aviary is currently 
sheltering approximately 100 parrots that are being prepared for release in 2006.  
The karst region offers vegetation that other ecosystems are less able to support. Of 
particular interest are the Cordia bellonis shrub and the sierra palm, Prestoa montana. Cordia 
bellonis is an endangered species native to the Río Abajo area and found in very few places 
elsewhere. The sierra palm is both a major food source and possible habitat for the Puerto Rican 
parrot. 
The goal of this management plan is to enhance the visiting experience for existing users 
of the forest while keeping the area free of highly active tourism. The reason for avoiding such 
development is to keep disturbances to a minimum in order to facilitate the release of the Puerto 
Rican parrot into its natural karst habitat for the first time since the 1920s. 
This report will first discuss the reason that the Río Abajo was considered for a 
conservation management plan, how to create a wetland management plan, and specific 
information about Las Perdices Wetland. Next, the report takes the reader through the processes 
that the team used to collect field data and how the team used the data to make the list of points 
of interest for the proposed recommendations. The results from each point of interest are 
 2
tabulated. Considering the results and following the methodology described, the report concludes 
with recommendations for low-impact activities in Las Perdices Wetland of the Río Abajo Forest 
in Puerto Rico. 
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Chapter 2. BACKGROUND INFORMATION 
The environment is an essential part of life for every individual, whether we acknowledge 
it or not. The protection of the many different habitats worldwide is an incredibly important issue 
that can only be confronted one small area at a time. The island of Puerto Rico has many habitats 
in need of conservation. Throughout the history of Puerto Rico, the environment has gone 
through dramatic changes. The issue of declining ecosystems has quickly become a very 
important topic and the necessary management of different habitats is becoming more 
widespread. The landforms of Puerto Rico and recent studies involving wetland preservation 
strategies will supply important background information to assist with developing a management 
plan that will effectively find a balance between natural and societal interactions in the Río 
Abajo Forest. 
 In this chapter, we first discuss the need for conservation, and how this need applies to 
the goals of our project. We then discuss the rural trends of Puerto Rico to develop an 
understanding of the history of this island’s countryside. We will also discuss how the land is 
currently being used, to illustrate the present state of the area. The publicized endangered species 
of the area will be introduced to help depict the detrimental effects that a poorly managed area 
can have on vulnerable species. We will then discuss the efforts that the Department of Natural 
and Environmental Resources (DNER) has already made to establish a context for the current 
management status of this area.  
Next in this chapter, we discuss management planning. Within this section, we will 
review the components of a management plan to clarify the definition. Next, examples of how to 
manage for wetland protection will be presented to provide an understanding of the 
specifications required for our planning. Because low impact recreation and education are the 
focus of our proposal, we will assess case studies to further illustrate the implications of this kind 
of management and what is necessary for its implementation. The wetland we are studying is in a 
karst area, so it is pertinent that both karst and wetland landforms are taken into consideration in 
our planning. Therefore, we discuss strategies of management planning in which special 
precautions are taken regarding the fragility of the karst. The final discussion of management 
planning is that of endangered species because our plan will be intended in part to protect the 
endangered Puerto Rican parrot.   
The final section of our diagnostic describes Las Perdices Wetland specifically. We will 
discuss the current applications and condition of the wetland, including the María Soto 
campground located nearby and the Río Abajo Visitor Center. We will also introduce the 
Comunidad Jobos and the possibility of incorporating the community with the new management 
plan. We will consider the design and possible addition of structures to the wetland from the 
information given to us by the International Institute of Tropical Forestry Library (IITF). Finally, 
we will take into account the different funding programs available to the DNER for use in the 
Río Abajo Forest. This background information will eventually put into action the development 
of a management strategy for Río Abajo. 
2.1 Need for Conservation 
For any land area, there are several reasons that drive people to apply security plans that 
will ensure the safety of the environment. The karst region in Puerto Rico is a very good example 
of a habitat that could experience significant amounts of damage in the near future for various 
reasons. The history of the rural parts of Puerto Rico shows a very dramatic change and to many 
a disregard for the forest regions. The present and future are beginning to show problems as well, 
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especially in the karst region. There are logging potentials in the region and a significant reliance 
on the water from the wetlands, which are easily susceptible to damage. The threat of species 
endangerment is unfortunately rapidly increasing as more ecosystems are destroyed. A much-
publicized example of this is the popular Puerto Rican parrot. Although the visual attraction of 
Río Abajo should be reason enough for a move towards conservation, the previously stated 
examples also provide motivation. The DNER has made strides to protect the area and further 
advancement of their plans will only prove to be more helpful. 
2.1.1 Rural Trends 
The population of Puerto Rico flourished in the twentieth century. Agriculture 
represented 45% of the gross national product in 1934, while manufacturing accounted for 7% 
(Grau, 2003). Accompanying this growth up until 1940 was a steady decrease in forest cover. 
However, following World War II and political changes in Puerto Rico, the late 1940s brought a 
shift in the economy from agriculture to light industry. The percentage of farmland in Puerto 
Rico decreased from 85% to 37% during the period from 1940 to 1980. Agriculture dropped to 
less than 5% of the gross national product by 1980, while manufacturing grew to almost 50% 
(Grau, 2003). 
This change in Puerto Rico’s economy has had dramatic effects on the land. In the late 
1940s, the intense land use devastated the forest region to the point where it accounted for less 
than 10% of the landscape (Grau, 2003). Following the crossover to an industrial nation, Puerto 
Rico experienced a widespread population move towards urban areas. This also led to the 
abandonment of many regions where agriculture once dominated. As opposed to the general 
trend of deforestation in the tropics, the result was a process of forest recovery. Although the 
urban regions are growing, the forests are also increasing, overtaking the deserted farmlands. 
Presently, the forest regions now account for more than 40% of the landscape of Puerto Rico, a 
400% increase from the late 1940s (Grau, 2003). 
The Río Abajo Forest demonstrates these trends over the course of the 20th century. The 
deforested and agricultural land peaked in this region in 1936, when it covered 1130 ha (hectare). 
This region steadily decreased in size over the decades and by 1983 had nearly disappeared, 
reduced to only 12 ha. Also during this period from 1936 to 1983, the area of young secondary 
and dense canopy forest cover increased from 1029 ha to 2190 ha. Interestingly, the area covered 
by wetlands has remained constant at 59 ha (USDA, 2001).  
2.1.2 Land Uses 
The Río Abajo Forest is a natural wonder composed of a diverse collection of natural 
resources. There is much compacted into the 5,000 acres that make up this karst region. This 
includes multiple uses by society such as limited timbering, water sources, and the continuous 
development of recreational activities. 
Timber production has always been present within the forest. The constant need for wood 
as a natural resource and the never-ending struggle of protecting the wildlife of the forest leads to 
the debate of how much forest can be cut down without harming the environment. 
The unique limestone karst landscape of Puerto Rico allows for the filtration of water at a 
much faster rate then other natural landforms. The karst region provides the island with much of 
its fresh water. As pollution and the number of environmentally unfriendly activities increases, 
the ground water of karsts become contaminated and the amount of water that it is able to supply 
is dwindling.   
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Río Abajo attracts people from all over the world to view its unique land formations and 
exotic wildlife. Low-impact activities are being established in Río Abajo to allow travelers to 
view the forest and its wonders without destroying the sensitive ecosystems that are present. 
Some recreational activities exist in Río Abajo but this area is only in the beginning stages of 
moderated development. 
Timber Production 
The Río Abajo Forest is used for timber production, which is the application of wood 
products from the land, including paper, sawdust, and plywood. In 1983, about 1,730 acres 
within the forest were tree plantations (Lugo et al., 2001). There are currently 15 commercial 
wood plantations in Río Abajo. These cultivated areas primarily consist of teak, mahogany, and 
maga trees (Administration of the Wildlife Refuges, 2004). The logging industry has experienced 
a significant amount of growth in this area over the past century. It has been quite destructive to 
the habitat causing the canopy and sub-canopy to restructure. It has also destroyed many tree 
species (García-Montiel, Scatena, 1993). The Caribbean National Forest dealt with this problem 
by monitoring the ecological patterns of the forest, developing management guidelines, and 
using these guidelines to limit and prevent further destruction to the forest (Scatena, 2001).  
However, despite the efforts to improve preservation of the forests, many are fearful of 
what the actual outcome will be. The Bush Administration’s new forest policy regulation, 
“Healthy Forests Initiative,” was finalized on December 24, 2004. The new policy opens up 
millions of acres of land to logging projects (U.S. Federal News, 2004). Environmentalists, along 
with many other organizations, are fearful that these regulations will allow for further damage to 
these areas, leaving plants, animals, and their habitats vulnerable. These groups also worry that 
the regulations will reverse the years of work that was done implementing better forest 
management.    
Water Supply 
The water supply is another valuable resource of the Río Abajo Forest that is also 
endangered by human activity. The preservation and maintenance of the water supply is vital to 
the island. However, only 50% of the population uses the Puerto Rico Aqueduct and Sewage 
Authority sewerage system. The remainder of sewage goes into leaky septic tanks or into rivers 
and aquifers (McPhaul, 2004). This causes contamination and pollution of the groundwater, 
which is the water supply for 22% of the population (Lugo, 2001). The percentage of rivers and 
bodies of water in violation of US environmental standards can be seen in Error! Reference 
source not found.. It is clear that water pollution is a major problem facing the island of Puerto 
Rico. If action is not taken to regulate the Río Abajo Forest in a better fashion, this vital natural 
resource could be further jeopardized, or worse, unusable.   
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Clean water supplies can be scarce on a small 
island. The percentage of clean water that the limestone 
region supplies to Puerto Rico continues to diminish, 
and there are difficulties in meeting the ever-increasing 
demands of the population. The depletion of the aquifers 
is one of the many issues regarding water supply that the 
government has encountered (Lugo, 2001). The issue of 
water supply is one of the most serious environmental 
problems the island is forced to deal with. There are 
many organizations working to solve this problem, but 
there is a lack of cooperation within the island, making 
it difficult to work cohesively to monitor and enforce 
standards. What the island needs is for the public to 
become aware of the danger and push these 
organizations to work together (Hunter, 1995). 
One of the main reasons for Puerto Rico’s water 
supply shortage is its transformation from an 
agricultural economy to an industrial one, which has created significant migration from rural 
areas to urban, predominantly San Juan. In addition, poor land conservation, shortsighted 
farming practices, and continuing construction of watershed housing has seriously reduced the 
storage capacity of the reservoirs. Poor land conservation can and will lead to the destruction of 
vital aquifers. Shortsighted farming practices often focus on the here and now and not on how 
their practices and the chemicals that they use will effect the environment and the water 
resources in the years to come. Construction on the watershed housing can cause heavy siltation 
of reservoirs, leaving the reservoirs even more damaged. These harmful actions have caused the 
demand for water to surpass the means available to the island (Hunter, 1995). In order to prevent 
this state from worsening the DNER is trying to implement a management plan that will reduce 
the amount of human interaction with the aquifers of Puerto Rico. 
Watersheds are among the most predominant sources of potable water for the island. 
Forests within the watersheds – such as the Río Abajo Forest – can increase the total water 
collected in the area by 10% (Weaver, 2002). In order to keep this essential resource for Puerto 
Rico, the area must be protected from development and other human interference. If it is possible 
to keep the forests and watersheds free of disturbances, then water can continue to be pumped 
into the cities requiring very little treatment, and thus very inexpensively (Hunter, 1995). 
The Río Abajo Forest has multiple uses that serve as both economic and ecologic 
resources. However if the trend of high human interaction, timbering, and pollution of the 
environment continues, it will leave the Río Abajo Forest in a vulnerable condition. To prevent 
this occurrence, the formation and implementation of a management plan is essential to preserve 
the wildlife, plant species, and water supplies of the forest.   
Educational and Recreational Activities 
The Río Abajo Forest is a great location for low-impact tourism to some of Puerto Rico’s 
exotic and threatened ecosystems, in order to observe wildlife and help preserve nature. There 
are several different recreational opportunities already present in the forest. Río Abajo has 
walking trails, campgrounds, a cave system and much biodiversity. There are a multitude of 
different plant and animal species. It is the natural habitat of the endangered Puerto Rican parrot, 
as well as various other exotic and endangered species. These features have begun to draw a 
number of people to this particular area. This growing popularity to the Río Abajo Forest has 
 
Table 1: Dirty Water in Puerto Rico (McPhaul, J.; 
2004) 
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called the attention of the DNER and the need for a proper management plan to supervise the 
activities occurring in the area (Lugo, 2001). 
2.1.3 Endangered Species  
A major environmental problem that exists in countries throughout the world is the need 
to protect endangered species. It has been said that dozens of species throughout the world 
become extinct everyday (Rainforest Destruction, 1999). One of the best-known cases of an 
endangered species becoming extinct is Raphus cucullatus, more commonly known as the dodo 
bird. The dodo once lived on a small island called Mauritius where it was isolated from human 
contact. On this island, the dodo knew no native predators. One day, sailors from Portugal landed 
on the coast of Mauritius and found the naive dodo to be friendly and lacked fear of the humans 
that were now invading its homeland. As humans brought other species to the island, such as 
pigs and dogs, the dodo was introduced to predators against which it had no evolutionary 
defense. Over a short span of time—less than two hundred years—the dodo became extinct. 
(Brown, 2002) This drastic example depicts clearly how human interactions and the introduction 
of foreign species into an environment can cause irreversible damage to indigenous species.  
As our human population grows and our need for natural resources increases, the 
biodiversity of our planet is rapidly decreasing. Species can become endangered by a number of 
different reasons. The most common causes for extinction are loss of habitat, predation, changing 
environment, and human interactions. It is estimated that at least 100 species become extinct 
every day and if this rate continues, we will lose more than 20 percent of our world’s 
biodiversity within the next two decades (Clark et al, 1994). If we do not take proper action, 
precious and unique species will continue to become extinct. 
Wetlands have a vast amount of biodiversity, serving as a home to many plants, fish, 
birds, and other animals. People that support wetland protection call attention to the fact that 
“wetlands are a refuge for an estimated one-half of the fish, one-third of the birds and one-sixth 
of the mammals on the threatened and endangered species lists in the US” (Facts on File, 1999). 
These statistics illustrate how important wetland conservation is in order to abate the number of 
species that are becoming extinct every day. 
Las Perdices Wetland in Río Abajo is home to many species. Some of these species are 
endangered and some of these species are on the verge of becoming endangered, categorized as 
threatened. In Puerto Rico, the most famous species on the endangered list is the Puerto Rican 
parrot. The DNER is making efforts to increase this birds’ population. There are 25 other 
animals considered threatened or endangered in Puerto Rico. Among the 25 are boas, hawks, sea 
turtles, toads, geckos and the yellow-shouldered blackbird (TESS, 2005). When thinking about 
endangered species many think only of the fauna and not the flora. There actually are more 
plants listed than animals. There are 49 plants either threatened or endangered on the island of 
Puerto Rico. One of these plants, the Cordia bellonis, is only found in the Río Abajo area in 
Puerto Rico (TESS, 2005). The destruction of forests reduces the amount of land that given 
populations of species can inhabit. As the forests are further depleted, animals are forced to 
migrate to the remaining forest, resulting in overpopulation of forests and the creation of a more 
competitive atmosphere for food and habitats (Scatena, 2001).   
The Puerto Rican parrot is a beautiful green bird with a red spot placed between its eyes 
and blue-tipped wings. This animal is the only parrot indigenous to the United States and it is 
one of the ten most endangered birds in the world (Engeman, 2003). Centuries ago, when 
Columbus first traveled to Puerto Rico, there were vast numbers of this bird flying freely about 
the island. The Puerto Rican parrot is estimated to have numbered somewhere between one 
hundred thousand and one million individuals in the 15th century (National Audubon Society, 
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2002). Today, however, there is only a very small number of these parrots living, and an even 
smaller number existing in the wild.   
In 1967, the Puerto Rican parrot was placed on the endangered species list when there 
were only 24 birds left in the Caribbean National Forest. The deterioration of this parrot’s 
survival in the wildness was caused by many different factors, including deforestation, natural 
disasters, hunting, predators, disease, and genetic erosion (Engeman, 2003).  
2.1.4 DNER Efforts 
Before the expected reintroduction of the Puerto Rican parrot to the Río Abajo Forest in 
2006, the environment must prove to be sufficiently managed and protected. This becomes the 
responsibility of the Department of Natural and Environmental Resources (DNER), known in 
Puerto Rico as the “Departamento de Recursos Naturales y Ambientales” (DRNA). The mission 
of the DNER is to protect, conserve and administer the natural and environmental resources of 
Puerto Rico in order to guarantee to the next generations their benefit, and to stimulate a better 
quality of life. 
Falling under the jurisdiction of the DNER are wildlife (birds, mammals, amphibians, 
reptiles, and plant species), 15 state forests, and 28 natural reserves. The natural resources and 
systems such as caves, caverns, wetlands, and other critical habitats for species in danger of 
extinction are also the responsibility of the DNER. Socially, it is their duty to control the 
activities originated by humans and to control extractions from the environment. The DNER has 
combined their mission and responsibilities into an overall vision statement: to create a healthy 
atmosphere through the promotion of sustainable use of the natural resources, the arrangement of 
the environmental management, and the transformation of the Puerto Rican environmental 
culture toward one of conservation. 
Part of the DNER’s Forestry Service Agreement is to develop the plans of the state 
forests of the island in order to integrate plans of management, conservation, and protection of 
forests and their bordering areas. On October 1, 2003, the Wildlife and Forestry Management 
Plan of the Río Abajo Forest began. The objectives of this plan are to provide for new 
recreational areas, investigations, management, and conservation of less frequently visited 
locations of particular interest and beauty. Working on this project are the group’s liaisons: 
project leader Mr. Edgardo González, biologist Mr. Eduardo Cintrón, field biologist Mr. Víctor 
Rodríguez, and environmental planner Ms. Mía Sued. 
The particular project that our group worked on is the Commencement Plan of the 
Managing Zone of Las Perdices Wetlands. As stated in its title, this project focused on one 
particular wetland region of the Río Abajo Forest. Following along with the DNER’s vision 
statement, this project’s purpose is to identify natural areas of interest with the goal of providing 
the public new recreational areas, education, and investigations, which will stimulate interest in 
the ecosystem’s protection. Our group had to use our gathered knowledge of management plans, 
the region, and the need for conservation to devise a management plan that satisfies the purpose 
of this project.     
2.2 Management Planning 
Whether an environmental area is reserved by the government, privately owned, or used 
for agriculture, a management plan is crucial in controlling the ecosystem. A forest management 
plan translates national or regional policies into a well-coordinated operational program for a 
specified period of time (Armitage, 1998). It can also be thought of as a specific collection of the 
objectives for the land and the series of activities that will be taken to meet such objectives. 
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Without the existence of a management plan, decisions may be made based on short-term 
conditions, but may result in long-term undesirable consequences (Forest Management, 2005). 
The DNER hopes to create a management plan for the Río Abajo Forest with the intention of 
organizing and executing their objectives of conservation. This section will present the 
components of effective plans and factors to consider when managing for wetland regions, 
ecotourism, karst regions, and endangered species. Integrated into these sections will be several 
management techniques and case studies that may prove to be relevant to Río Abajo. 
2.2.1 Components of a Management Plan 
The purpose of a management plan is to provide continuity in managerial operations over 
the course of the procedure and to provide a basis for monitoring forest activities. Although 
management plans substantially vary in format and content, depending on use of land, each 
should contain several standard features. The most important part of the plan is the objectives, or 
desired future outcome of the land. The objectives must be well planned and based on a full 
understanding of the property. Therefore, a management plan should also contain a description 
of the land history, as well as a map(s) that describes the property with respect to other land 
formations in the area. A separate set of maps should be contained which provide information on 
the property in question, such as roads, land or structural features, different forest or vegetation 
types, fence lines, and any other features that may influence or be part of the goal (Forest 
Management, 2005). 
A management plan also requires a resource assessment, or inventory of all of the natural 
resources on the property. This information can include vegetation communities, soils, water 
bodies, historical features, wildlife uses, and recreational opportunities. Since many areas are too 
large to reasonably record every feature (for time and economic purposes), the inventory is 
usually created using a portion, or sample, of the area (Forest Management, 2005). The 
information gathered from the maps, land history, and inventory can all be combined and 
organized in a Geographic Information System (GIS). This is a computer program used for 
acquiring, storing, interpreting, and displaying spatially organized information (Bossomaier, 
2001). GIS can be used to manipulate and map project-critical information so that collaborating 
parties can understand the data and develop decision alternatives (Jankowski, 2001).   
After all of the critical data is provided, the management plan should then include 
recommendations for the area based on the specific objectives. These recommendations are 
treatments or operations to be performed on the land over a certain period. For each operation 
suggested, a timeline and the expected results should be discussed. Any additional information 
provided can be contained in the appendices at the end of the management plan (Forest 
Management, 2005).  
Once a plan is approved, the sustainable management of tropical forests is reliant on 
effective implementation, including monitoring (FAO, 1998). Since these long-term plans 
actually have short life spans, they will require periodic updates and revisions. This technique, 
referred to as adaptive management, is the concept of improving the plan given better data, and is 
fundamental to good land management. Proper monitoring of the system allows further 
knowledge to be gathered and proper corrections to be made, if necessary (Olson & Orr, 1999).   
In addition to setting out objectives and operations, an equally important task of the 
management plan is to communicate them to people who are concerned with or affected by the 
plan implementation (FAO, 1998). While the DNER is developing a general management plan 
for all of the Río Abajo Forest, the focus of this project will be on developing what is more 
specifically referred to as a low-impact recreational management plan.  
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Developing a Low-impact Recreational Management Plan 
A low-impact recreational management plan is a specific type of management plan that 
guides the development of a protected area. According to Drumm and Moore (2002), the 
physical plan should typically consist of two main parts. The first part is a background section or 
diagnostic, which describes and analyzes the present situation of the protected area. It also 
presents the variables that affect the implementation of a recreational program in this region. The 
second part consists of recommendations that describe, in an organized and systematic manner, 
how to implement a program based on the situation depicted in the previous section. Within 
these two sections, all of the major components of a management plan explained above will be 
represented. 
By the end of the first step, the full site diagnostic, there should be an understanding of 
the major threats to the site and possible strategies for the management plan to address these 
threats. It should also be known where the recreation will occur, the activities that will be carried 
out to implement program, which party will be in charge of implementing these activities, and 
how this will all be monitored and funded. The diagnostic section should include information 
about the natural resources and features that both limit and facilitate a successful operation. 
There should be a full understanding of the specific wildlife, endangered species, and their 
locations that will attract visitors (Drumm & Moore, 2002). The diagnostic will incorporate the 
land history and resource assessment as described earlier. 
A major part of the diagnostic step will be analyzing the current and potential visitor 
uses. With this step, it may be helpful to create a visitor profile survey with current visitors or 
visitors to similar attractions. The most important information that should be gathered is the 
tourist attractions of the given area and the reasons that people would want to visit. However, 
there are many other factors to consider when creating a management plan. Possible information 
to gather from tourists is what they do in the area, their length of stay, if they go to nearby 
communities during their trip, and if they come for specific activities. It may also be helpful to 
know if they take advantage of educational programs offered at the site or if they prefer self-
guided tours. The transportation to the site, road conditions, and existing or potential facilities 
(restrooms, beverages, souvenirs, etc.) should all be investigated and documented.     
The second step, which consists of the recommendations, is what is often thought of as 
the actual “plan.” This section uses all of the information gathered in the diagnostic and presents 
the intentions of the plan based on the discoveries. Along with the visual presented in Figure 3, 
Drumm and Moore (2002) present the following possible structure for a management plan:  
A.  VISIONS, GOALS, and STRATEGIES:  Planners present their vision of what 
the recreational activities will mean to the area. They also present their 
goals, which should not change over time, although the strategies to 
withhold them may. Direct the strategies to resolving the major threats and 
concerns described in the diagnostic section. 
B. OBJECTIVES:  For each strategy, develop a series of specific objectives. 
These are specific statements detailing the desired accomplishment or 
outcomes of a program.   
C.  ACTIVITIES:  For each objective, present feasible and appropriate activities 
in order to implement the objective.    
D.  ZONING:  This section should detail the specific areas of the territory where 
the activities will occur. 
E.  FACILITATING IMPLEMENTATION:  This section should provide some 
type of timeline, which will guide the manager in taking the necessary 
steps to implement the activities presented. 
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F.  ANNEXES:  Since not all of the information gathered can be reported in the 
plan, this section should include information such as the results of surveys, 
marketing studies and lists of wildlife found in the area. 
G.  MAPS AND OTHER GRAPHICS:  All relevant maps of the protected area’s 
location, attractions, trails, etc. can be presented. Included can also be any 
other visuals that clarify the data presented. 
 
There should be enough information provided in the management plan so that the 
planner’s intentions can be fully understood and their activities implemented. Our group will use 
this type of structure in the management plan for the Río Abajo Forest. 
   
Figure 3: The Structure of a Management Plan 
 
2.2.2 Wetland Management 
A wetland is an area linking land to water that is covered by shallow water or contains 
waterlogged soil for most of the year. These areas include swamps, bogs and other low-lying 
areas on the coast or near a water source (Schiller, 1997). Wetlands vary vastly in composition, 
with changing soil levels, sources of water, vegetation, wildlife, and climate. This variation 
makes it extremely difficult to have a management plan that can be applied worldwide. The US 
Army Corps of Engineers (USACE, 1987) has constructed the Wetland Delineation Manual to 
better analyze the various wetland types and make wetland classification an easier task.     
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Characteristics of a Wetland 
There are three different characteristics developed by both the USACE and the US Fish 
& Wildlife Service (USFWS) used to define a wetland region. These three attributes are 
vegetation, soil, and hydrology. Wetland vegetation, also known as hydrophytic vegetation, 
consists of the most abundant plant species in the particular wetland region. The hydrophytes 
that primarily surround Las Perdices Wetland were the Roystonea borinquena (royal palms), the 
Clusia rosea (cupey trees), and multiple fern species such as the Acrostichum danaeifoliu and 
Cyathea andina. The vegetative species that most abundantly grow within the wetland itself are 
the white flowers known as Sagitaria lancifolia, Typha domingensis (cattails), and Alternathera 
philoxeroides (alligator weed). Further vegetative information can be found in Appendix C. An 
inventory of the most abundant plant species of this particular region is vital in order for 
interpretative trails to be created and in determining the best route for the trail design.  
Soil is the second feature that can be an indication of a wetland. Wetland soils are called 
hydric soils. Hydric soils are very saturated; examples that can be found surrounding Las 
Perdices Wetlands are Perchas Clay, Soller Clay, Soller-Rock outcrop Complex, and 
Hydraquent. The location of these soil types can be seen in the Tipos de Suelos del Bosque 
Estatal de Río Abajo, Arecíbo-Utuado in Appendix D. These soils have various limitations. Soil 
limitations are the ratings of the different soils of how appropriate the area is for recreational use. 
There are three classifications of limitations, which are slight, moderate and severe. Each of the 
soils is rated according to certain restrictive criterion such as wetness, slope, and texture. 
Wetness is the amount of water that the area gets and its ability to drain, while slope is the angle 
that the soil area inclines from the horizon, and texture is a ratio of sand, silt, and clay in a soil 
area. Different proportions of these particles can be cause for difficulty when designing and 
constructing. The four soils found in and around Las Perdices Wetland all have severe 
limitations, which is defined as poor conditions for usage, and require special design, 
maintenance, and limited use, and is effectively very costly.  
Hydraquent is the soil found directly within the wetland area. Hydraquent soil is 
frequently flooded. It has very little slope and the permeability is very low with a high water 
capacity. This soil is severely limited and is inappropriate for any use. It serves solely as a 
wetland wildlife habitat.  
The most frequently found soil surrounding the wetland is the Soller-Rock outcrop 
Complex soil, which has a 5%-60% slope. It is very steep and has well-drained soil. It typically 
has slopes that are 100-500 feet long. The main component of the Soller-Rock outcrop Complex 
 
Figure 4: Soil Inclination Diagram. SrF—Soller-Rock Outcrop Complex; SoD—Soller Clay. 
SrF Soil 
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is a mixture soils and exposed bedrock. It has a surface layer of dark gray clay that goes 
approximately 5 inches deep. The soil below this is dark gray-brown clay that also extends 5 
inches. Below this layer are 15 inches of a combination of dark brown and pale brown clay. The 
next 25 inches of soil is a hard fragmental limestone layer. It has moderate permeability and a 
low water capacity. However, the runoff is very rapid. It is classified as having severe 
limitations.  
The second most abundantly found soil surrounding the wetland region of the Río Abajo 
Forest is the Soller Clay. The Soller Clay has a 12%-20% slope. It is a well-drained area 
composed of gravel and cobblestone. The surface is made up of 5 inches of dark gray clay. 
Below this layer is dark grayish brown clay that is also 5 inches deep. The next 15 inches of the 
soil is typically dark and pale brown clay. Like the Soller-Rock outcrop Complex, there is also a 
25-inch layer of hard fragmental limestone. It has moderate permeability and a low water 
capacity. Soller Clay is severely eroded and considered to have severe limitation. 
 Perchas Clay is a deep soil with poor drainage due to the slope gradient. This particular 
soil has slopes ranging from 100-500 feet. The surface layer is a 7-inch mixture of dark brown 
firm clay and gray clay. This soil has little permeability and a high water capacity causing poor 
drainage and erosion. Due to the characteristics presented, the Perchas soil is considered to have 
severe limitations. The severe limitations each soil possesses are major factors that must be taken 
into consideration when determining the best location for structures and trails.  
  Hydrology is the third criterion of a wetland. In order to be classified as a wetland there 
must be inundation and soil saturation during the growing season. Inundation is defined as 
having an average water depth of 6.6 feet. The duration of the growing season that is inundated 
varies throughout hydrologic zones. This can be seen in Figure 5 (USACE, 1987). According to 
the hydrological map in Appendix D, the entire wetland region is frequently flooded. The 
flooding in this region meets the criterion for hydrology, thus classifying the region within the 
Río Abajo as a wetland system. Flooding occurs during the wet season, which spans from May 
through October.   
The source of water for the Río Abajo wetland will also have to be determined. There are 
four possible water sources for wetlands, which are direct precipitation, runoff from surrounding 
lands, groundwater inflow, and ocean tidewater. Conversely, there is also water loss through 
evapotranspiration, seepage, stream discharge, and tidal outflow. To maintain the fluctuating 
water system in wetlands there are usually water reserves. Evidence of maintenance through 
storage water can be found on the hydrological map in Appendix D. This map shows fissured 
aquifers surrounding both the wetland and forest region. The aquifers protect the wetland 
Figure 5: Hydrologic Zones: Non-tidal Areas 
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ecosystems from the devastating effects that droughts can cause (Marsh, 1991). The ecosystem 
includes the vast array of wildlife inhabiting the wetlands. Further analysis and inventory of 
wetland wildlife within Las Perdices will be completed.  
Once a region has been defined as a wetland and the preliminary data has been gathered, 
the wetland type and setting can be determined. There are various wetland types, which are 
categorized according to their physiographic setting. The physiographic setting includes the 
topography, surrounding geographical features, and soil (Frazier, 1999). There are four classes of 
physiographic conditions: surficial sites, groundwater sites, riparian sites, and composite sites. 
The main water source of a surficial site is precipitation. It is typically in low depressions where 
drainage is usually blocked. A groundwater site is also a low elevation location where the water 
table is typically below surrounding groundwater bodies. Examples of groundwater sites are 
stream valleys, sinkholes, and glacial kettles. Riparian wetland sites surround major lakes, 
streams, and estuaries. Lastly, there are composite sites, which have two water sources (Marsh, 
1991). From these conditions described, it can be inferred that Las Perdices is a groundwater site. 
 The Río Abajo has very distinctive physiographic settings. According to the topographic 
GIS map in Appendix D, the surrounding area of the Río Abajo wetland includes limestone 
karsts, and multiple summits and areas of elevation. The wetland was probably created by water 
running down the surrounding summits and elevated landmasses. In addition, the water table of 
Las Perdices Wetland lies below that of the surrounding fissures, karst, and volcanic aquifers. 
This is depicted on the hydrological map in Appendix D. These distinguishing features further 
define the Río Abajo wetland region as a groundwater site.  
 There is also a “Three-level Classification of Wetlands and Deepwater Habitats” 
constructed by the USACE, USFWS, and EPA. This classification can be used to establish the 
water system, subsystem, and class of the wetland region (USACE, 1987). There are five 
different wetland systems. These systems include marine, estuarine, riverine, lacustrine, and 
palustrine. The wetland systems are then divided into subsystems. Further details are illustrated 
in Figure 6. Based on the details required by the classification system, extensive surveying will 
have to be done. Once the wetland region is correctly classified, recommendations and 
management plan assessments can be more accurately made (Marsh, 1991).    
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Figure 6: Three-Level Classification of Wetlands and Deepwater Habitats 
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Data Collection Methods  
 Multiple methods can be used to gather the wildlife data needed to evaluate Río Abajo. 
Many factors must be considered when carrying out these data collection techniques. One 
important factor is the time of day. This is especially true for bird watching. The best time of day 
for bird watching is from sunrise until 10 am during the breeding season. A standardized data 
collection sheet should be used to keep information organized when in the field. A pair of 
binoculars is an important piece of equipment that greatly assists the observer. There are five 
different method categories, which are Point Counts, Transects, Spot Mapping, Territory 
Mapping of Color-Banded Birds, and Mist Netting. The most applicable techniques, point counts 
and transects, will be discussed in further detail.   
Point Count 
The Point Count method is most commonly used for monitoring yearly changes in bird 
populations at a specific position, determining the differences in species populations in various 
habitats, and the population size of particular species at that point. A point count can be done 
three ways. The first technique is called Point Counts without Distance Estimation. This is when 
birds are counted as they are seen and heard with or within any distance. This method is best for 
determining the size of species populations. The second technique is Variable-Radius Point 
Counts. This is when the viewer only records the birds that are seen and heard within an 
estimated radius (whether concentric rings or another form of distance measurement). The third 
technique is Fixed-Radius Point Counts. A 25-meter radius is the most common size that is used. 
However, the radii chosen are based on the thickness of the surrounding vegetation. Everything 
that is seen or heard within this certain radius is recorded (Wunderle, 1994).   
Transects 
Transects are done by walking through the area of interest and recording the information 
needed, whether that is flora, fauna, or both. There are three different transect techniques. Line 
transects without distance estimates is the least accurate, but simplest transect approach. The 
observer walks through any given distance and reports the information found. Variable-Distance 
Line Transects is when the viewer estimates the perpendicular distance from the transect line to 
the plant or bird. Anything that is seen along the limited distance is inventoried. The third 
technique is Strip Transects, which is very accurate and detailed. The Strip Transect is performed 
by setting boundaries that range from 25 to 50 meters and recording the plants or animals that 
fall within the established area.   
Wetland Management in Puerto Rico 
Although the majority of the land in the karst region of Puerto Rico is inhabited by forest, 
the area wetlands are also a unique and important feature. In planning for preservation, one needs 
to take into account all of the area attributes, which includes the 59 acres of wetland in Río 
Abajo (Lugo, 2001). The benefits of managing and protecting a wetland are valuable. These 
benefits include clean water, flood protection, fish and wildlife habitat, recreation and education 
(Schiller, 1997). In Río Abajo these rewards of preservation are exactly what are desired. 
Wetland management follows the same guidelines as all other management plans. 
However, the unique habitat of a wetland requires far more regulations and demands more 
attention than many other areas. Reasons for this generally are due to the need for water 
protection and the fact that wetlands are more susceptible to harm than many other ecosystems. 
The Environmental Protection Agency (EPA), US Fish and Wildlife Service and the US Army 
 17
Corps of Engineers focus a large amount of work to the management and protection of wetlands. 
In order to construct a plan, we will need to concentrate on the characteristics of a wetland and 
the area specific regulations to Río Abajo.  
Wetland Regulations in Puerto Rico 
In combination with the delineation of a wetland, there are also many regulations that 
must be followed to protect these vulnerable areas. There are multiple laws established by the 
governing body of Puerto Rico as well as demanded by the US EPA regarding the present and 
future safety of wetland ecosystems.   
There are three major laws set in place by the Puerto Rican government relating to 
wetland usages. The first law is Law No. 314 of 1998, “Public Policy over Wetlands in Puerto 
Rico,” which is specific to public policies associated with the wetlands in Puerto Rico, such as 
their protection, restoration, and handling. Under Article 3, once an area is defined as a natural 
reserve it is under the control of the DNER. This is why the Río Abajo Forest Reserve is 
managed by the DNER. The second law in effect regarding wetlands is Law No. 317 of 1998, 
“Amendment to the Law for the Reclamation of Managing Wetlands.” The purpose of this law is 
to establish a plan of land use in declared regions with a focus on conservation. The third law set 
forth by the government of Puerto Rico is Law No. 292 of 1999, “Law for the Protection and 
Conservation of Karst Physiology.” This law is specific to the protection and conservation of the 
karst region of Puerto Rico. This regulation works to keep everything located within the karst in 
safety such as the land formations, wildlife, and water supply. It prevents any further destruction 
through land filling, urban expansion, commercial and industrial growth, and the overuse of the 
natural resources. There are serious penalties if this law is not abided, or if the governing body 
does not grant permission (LexJuris de Puerto Rico, 1999). The karst region is a very valuable 
natural resource of the island, and its preservation must be taken seriously.  
The EPA’s Clean Water Act is another piece of legislation used to maintain the wetlands 
and water supply. The purpose of the Clean Water Act is to restore water supplies that have been 
contaminated by chemical or physical means. If the USACE Delineation Manual is used to 
identify a wetland, it is subject to mandatory regulation of the Clean Water Act (USACE, 1987). 
The regulations created by the EPA and the government must be enforced to protect the Río 
Abajo Forest and the wetlands within from the destruction and pollution that has depleted other 
natural resources.     
Determination of Carrying Capacity  
The purpose of designing a management plan for Las Perdices Wetland is to maintain and 
preserve the natural resources of the forest, as well as to establish recreational and educational 
uses. Recreational use can cause negative changes on the environment; therefore, limitations 
must be set in and around the management area to minimize human-induced destruction. The 
Limits of Acceptable Change system (Cole, 1985), also known as LAC, is a procedure that 
provides a way to define the tolerable amount of change based on quantitative data collected in a 
specific location. The system also presents ways to monitor the area and prevent further changes 
from occurring. 1 st Qt r2 nd  Q tr3 rd  Qt r4 th  Qt rThe Limits of Acceptable Change system assists forest managers and planners in 
determining the carrying capacity, which is the ideal amount of people a designated area can 
hold, of a recreation site based on social implications that must be taken into account (Cole, 
1985).   
According to the Recreational Opportunity Spectrum, there are six different categories 
into which a wilderness area can be classified; these categories are called opportunity classes. An 
opportunity class is defined as a “qualitative description of the kinds of resource and social 
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conditions acceptable for that class and the type of management activity considered appropriate” 
(Bacon, 1986). Based on the descriptions of the six opportunity classes defined in the Using the 
ROS System as a Management Tool handbook, Las Perdices Wetland would be a Semi-Primitive 
Nonmotorized area (Bacon, 1986). This is an area that provides visitors with a quiet serene 
atmosphere away from society where they can enjoy nature and take advantage of outdoor 
activities. The area is typically located 0.5 to 3 miles from any roads. The land within the area 
may have small changes such as vegetative management and the sporadic presence of structures. 
There may be some rustic sanitary and safety facilities present. Some workers and guides may be 
onsite to manage and monitor the activities of visitors. Maps, brochures and guidebooks are often 
provided as interpretation information for people visiting the forest. The Río Abajo Forest has 
each of these characteristics (Bacon, 1986).   
By classifying Las Perdices in the Semi-primitive Nonmotorized opportunity class, one 
can better preserve the carrying capacity of the area and maintain the small number of visits per 
year. It has been the expectation of many that Río Abajo continue to attract a very small number 
of visitors per year to maintain the beauty, remoteness, and tranquility that can be found within 
the forest. A small carrying capacity will maintain minimum impact within the forest and 
preserve its natural resources. By establishing limits of use, maintaining these limits, and 
monitoring the number of users in particular areas of Las Perdices, the environment will be 
protected from human interactions, overuse, or harmful behavior. 
2.2.3 Managing for Karst Regions 
The Río Abajo Forest is contained within Puerto Rico’s karst belt. The karst belt is a very 
distinguishing and important feature of Puerto Rico, as it is in other parts of the world. Karst is 
limestone terrain with distinctive characteristics of peaks and valleys, including drainage, which 
is created from rocks that dissolve in natural waters (Jennings, 1971). Natural water, in contrast 
to hard water, contains minerals and is created by atmospheric phenomena such as rain 
(Computer Assisted Chemistry Tutorial). Due to the karsts being able to filter and cleanse runoff 
water much faster and more efficiently then other terrain, it is an excellent resource of fresh and 
drinkable water. In Puerto Rico, the karst belt supplies a great deal of potable water to public 
facilities. With increasing human interactions in surrounding areas, the karst belt could become 
contaminated and the water source it supplies now might be impaired if these harmful trends 
continue. One way to prevent these serious trends from continuing and ensure the strength of the 
karst features is to implement a management plan that focuses on the protection and conservation 
of the geological karst features. To apply a successful plan, one needs to take into consideration 
pollution problems, the knowledge of which karst features are present in the Río Abajo Forest, 
its weather patterns, and how the watersheds work in order to make educated conclusions and 
decisions on how to properly manage the Río Abajo Forest.  
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There are many geographical forms present in the karst belt of Puerto Rico, as seen in 
Figure 7. One of the most important pieces of information drawn from this figure is that the 
island is tectonically chaotic due to numerous fault lines. The active fault lines have allowed 
volcanic and igneous rock to surface. Throughout the years, these mounting formations have 
been weathered into what is now the limestone karst region. Today’s volcanic remains give us a 
snapshot of Puerto Rico’s eruptive past. They suggest, among other things, that the coastlines we 
know and recognize may not have been the same coastlines that existed hundreds or thousands of 
years ago. This means that areas that were once coast may now be located in the center of the 
island.  
The karst region’s topographical forms consist of valley features, hill features, river and 
coastal ramparts, and caves (Lugo, 2001). Valley features of 
the karst belt consist of dry valleys and closed depressions. 
Dry valleys are similar to vacant riverbeds. They may carry 
runoff during heavy rains, but in general, they remain dry and 
are scattered throughout the karst belt (Lugo, 2001). Figure 8 
shows a picture of a dry 
valley. Unlike the dry 
valleys, closed depressions 
form when large underground 
cavities collapse, by landslides, or by the blowing away of 
blanket sand due to winds (Lugo, 2001). Sinkhole is another 
common name for a closed depression.  
When coral grows in the shallow coastal waters around 
the island, limestone is deposited. Since the Caribbean is on its 
own tectonic plate, the entire area continually experiences 
tectonic shifts. As the Caribbean plate shifts and lifts the island, 
the limestone is exposed. The exposed limestone is then 
subjected to rain and other meteorological activities, which make 
the minerals dissolve. Once the weather conditions clear, the 
limestone re-precipitates, forming case rock that is resistant to 
both chemical and physical weathering. This series of events is 
what created the mogotes (Figure 9) on the island. Water 
 
Figure 7: Geological forms of Puerto Rico. Todd Forrest 
 
Figure 8:  Dry Valley. Photo by E. Finstick 
 
Figure 9:  Mogote Peak 
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percolates through the mogotes and forms underground rivers that carve out caves and 
occasionally cause sharply sunken holes called sinkholes (Forrest, 2005). Mogotes are tall, steep, 
and vary in height from 1m to 50m. The average height of mogotes is 30m. Because rain 
exposure is more prevalent on the eastern side of most mogotes, these hill features tend to be 
asymmetric with more surface area being on the eastern side to enable the mogote to absorb 
more rain. The tops of mogotes can either be rounded or pointed. Figure 9 shows a conical 
mogote with a rounded top.  
River and coastal ramparts are natural walls of 
limestone at the tops of canyon walls, fault scarps and around 
sinkholes. They are formed as a result of secondary 
cementation and differential erosion (Lugo, 2001). Figure 10 
contains a photograph of what a typical river in Puerto Rico 
looks like.  
The last main karst feature that can be found in the 
karst belt of Puerto Rico is the cave. The two principal types 
of caves found here are those that are formed by rivers 
flowing through the interior 
highlands and those formed by 
rainfall that has fallen directly 
on the karst area, and then 
percolated downward through the limestone (Lugo, 2001). Two 
other cave types found in the karst belt are “cliff-foot” caves and 
vertical caves. Figure 11 depicts an underground karstic cave. 
The limestone hills underwent karstification to become the 
fantastic landscapes they are today. There were three driving forces 
found to cause this karstification: chemical, physical, and hydro-
geologic setting. The chemical factors include temperature, 
precipitation, and partial pressure of carbon dioxide; the physical 
aspects include precipitation and relief; and finally the hydro-
geologic setting consists of tectonic setting, thickness of soluble 
rocks, and stratigraphic and litho logic setting (Lugo, 2001). 
Precipitation has played a major role in the transformation of the 
limestone and the creation of the karsts. The limestone in the 
northern area continues to undergo change due to the heavy rainfall it receives, especially during 
the wet season (Lugo, 2001).   
During both the wet and dry seasons, Puerto Rico endures major natural destruction. In 
the dry season, which occurs from December to March, there is a minimal amount of rainfall. 
This leads to the problem of drought. Conversely, during the months of May through October, 
also known as the wet season, the island receives 60% of its annual rainfall. Despite the flooding 
and initial destruction of hurricanes that occur during the wet season, they do provide the island 
of Puerto Rico with a significant amount of useable water (Jones, 2003; Banner, 2003). A major 
source of this usable water comes from the northern limestone and karst region, which supplies 
22% of the island’s public facilities freshwater withdrawals (Lugo, 2001). 
The natural resources found here are priceless and their loss would be detrimental to the 
island. Since the delicate karst ecosystem surrounds Las Perdices Wetland, tourists will need to 
travel through it in order to visit the proposed recreation center in the wetlands. Although the 
region that our group will be focusing on is a wetland, careful consideration must be taken to 
maintain the karst formations as well as protect the aquifers from contamination and pollution. 
 
Figure 10:  River 
  
Figure 11:  Underground Karst Cave 
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Any construction through the karst region will need to follow the specific regulations set forth by 
the USACE. This goes to show that ecosystems do not stand alone, and any human interaction 
within one region can affect the surrounding regions, so attention to this detail is vital. Therefore, 
both the aquifers and karst formations must be protected and conserved in order for a 
management plan to have any effectiveness.  
2.2.4 Managing for Endangered Species 
As expressed earlier, the need for endangered species protection is constantly growing. 
The method of managing a piece of property for the protection of threatened species is known as 
habitat conservation plan. These plans are agreements between the landowners and concerned 
groups or individuals that eliminate the destruction or removal of endangered species. This plan 
comes directly from the Endangered Species Act of 1973 which “mandates protection of 
threatened and endangered species and their habitat on federal and private land by prohibiting 
‘take’ of listed species through direct harm to individuals or habitat destruction, in an attempt to 
balance species protection with private landowner development interests” (Defenders, 2005). 
The benefit of this plan is that it shifts conservation from a single plant or animal to a large 
number of plants and animals. The plan also allows for conservation activity within the public 
and promotes long-term conservation of plants and animals (Defenders, 2005). This section will 
further elaborate on two such endangered species of concern to the Río Abajo Forest: the Puerto 
Rican parrot and the Cordia bellonis shrub.    
Puerto Rican parrot 
The Puerto Rican parrot began to die off as the human population began to grow in 
Puerto Rico after the fifteenth century. As people moved to the small island, forests were cut 
down for housing and plantations. These forests were the native home of the Puerto Rican 
parrots, and as they were cut down the habitats and nesting sites of the parrots were destroyed. 
As the human population grew, more roads were added, the number of construction sites grew, 
and logging increased, all 
infecting the parrot’s natural 
environment with lots of 
noise. Puerto Rican parrots 
are very sensitive to human 
noise when they are picking 
out a nest and laying eggs. If 
there is a lot of clamor the 
parrot will feel threatened 
and deduce that it is not a 
safe area to start a nest. Thus, 
they tend to avoid nesting in 
areas where they hear 
construction, cars, and other 
commotion generated by the 
nearby population. Efforts 
have been made to make the parrots feel safe. For example, one management plan controls the 
construction existing near the nesting sites of the Puerto Rican parrot. It states that construction 
can only take place in the non-nesting/non-breeding months. During the months that allow const-
ruction, building may only take place within the hours that the parrots are out looking for food – 
 
Figure 12: Time Population trends of humans and Puerto Rican parrots since 1500 
(Snyder et al. 1987 and U.S. Census data; all data for the year 2000 are projected). 
Populations are converted to log10 for showing trends. 
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from 7:30am to 7:00pm (Scatena, 2001). Figure 12 depicts how the Puerto Rican parrot’s 
population changed with the ever-increasing human population. 
Three major hurricanes pounded Puerto Rico in 1899, 1928 and 1932. These hurricanes 
caused mass destruction to much of the island’s coasts and forests, forcing the parrots to flee to 
the Caribbean National Forest for shelter (USFWS). After 1967, vast efforts were made to try to 
reestablish a “healthy” number of birds into the wild. Unfortunately, in 1989 Hurricane Hugo hit 
Puerto Rico hard. Hugo managed to decrease the 47 birds that were estimated to be living in the 
wild by more than half, reducing the population to 22 parrots (National Audubon Society, 2002). 
Besides human interactions and natural disasters, the Puerto Rican parrot is threatened by 
many of the other animals that inhabit the island. Red-tailed hawks, peregrine falcons, black rats, 
feral cats, Indian mongooses, and pearly-eyed thrashers are of the biggest predators of the Puerto 
Rican parrot. The red-tailed hawks live on the island year-round while the peregrine falcons 
migrate to the island during the winter months. These birds are most dangerous to the Puerto 
Rican parrot during the months in which the parrots are nesting and their young are learning to 
fly. The pearly-eyed thrashers are a threat to the parrot during the nesting season. These birds 
“predate” the nests of the parrots by bringing their eggs into the parrots’ nest. The final group of 
animals that are of a threat to the Puerto Rican parrot are three exotic mammals: the black rat, the 
feral cat, and the Indian mongoose. These predators pose a risk to the parrot during the period 
that the young is leaving the nest and learning to live on its own (Engeman, 2003). 
It is thought that if the government could provide a management plan for these animals 
there would be a better success rate for reintroducing the parrots into the wild. There have been 
many different views on how to put a stop to the predation. One suggestion is to remove and 
relocate the predators. This would be an expensive process and many precautions would have to 
be made in order to ensure the safety of the animals being transported. Besides relocation, there 
are two other preventative methods used to help abate the risk that the pearly-eyed thrashers 
cause. One method would be to provide artificial nests that these predators could choose to nest 
in, as an alternate to the Puerto Rican parrots’ nests. The second is to apply oil to the pearly-eyed 
thrashers eggs; this would prevent the bird from moving its unborn young into another nest. A 
combination of all of these management plans may be the solution needed to successfully 
reinstate the Puerto Rican parrot as a common bird seen in the wild (Engeman and USFWS). 
The last problem the Puerto Rican parrot faces is genetic erosion. With only a few birds 
left in the world, this species’ genetic diversity is dwindling. Similarly, to humans, inbreeding in 
birds leads to unhealthy mutations and birth defects. Mating in such a genetically related pool of 
parrots results in unhealthy, sometimes lethal defects in the offspring (National Audubon 
Society, 2002). 
The combination of the low numbers of parrots in the wild, natural disasters, the constant 
threat of predators and the fact that the parrots only reproduce once a year makes it obvious that 
the parrot would need assistance in safely producing offspring and increasing its population size 
to a “healthy” number. 
Cordia bellonis Shrub 
 Birds are not the only endangered species in Puerto Rico. The small shrub Cordia 
bellonis is on the verge of extinction. Cordia bellonis has been called by many different names 
throughout history. Before the shrub was officially reported and formally named Cordia bellonis, 
it was known to the world as indiera fria. One reason this plant had many different names might 
be because the plant is “restricted” to only three forests – Maricao, Susua, and the Río Abajo – 
and within these forests the Cordia bellonis does not grow in exorbitant amounts. Not until 1992 
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was this shrub formally discovered in the Susua forest and two years later in 1994 it was found in 
the Río Abajo Forest (Federal Register, 1997). 
It is in the Cordia bellonis’ nature to grow near roadsides, steep hills, “open saddles 
between limestone hills,” valleys, riverbeds, any areas where the shrub can receive an adequate 
amount of sunlight (Federal Register, 1997). Forests with a canopy block direct sunlight, and are 
not an ideal spot for this shrub to grow. The underlying reason that this shrub is on the 
endangered list is due to the destruction of its natural environment. According to Federal 
Register, “82 percent of the individuals known from the Río Abajo Commonwealth Forest were 
removed from the forest for the construction of a highway…14 individuals from Maricao 
appeared to have been eliminated due to clearing along the roadside of the forest. In 1995, 
twenty additional individuals were apparently destroyed by the clearing, which occurred for the 
reconstruction of Road 362 in the Camp Santana area… Because of forest destruction, less than 
half of the individuals previously known remain in these three forests” (Federal Register, 1997, 
p.1645). It is not difficult to realize that the Cordia bellonis is a perfect example of how human 
interactions, especially the destruction of forests, can drastically affect an area’s wildlife. If a 
proper management plan is not established in the near future, many species of plants and animals 
that exist today may not exist in 10 years (Federal Register, 1997). The Department of Natural 
and Environmental Resources is taking the action necessary to ensure the survival of these 
powerless plants and animals. 
With an understanding of the current problem facing the DNER, the components and 
structure of a management plan, and the area of the Río Abajo Forest, our group will have a 
strong basis for the creation of a management plan. We will have to consider the many unique 
features that make up this forest and the regulations governing it. Using this knowledge, we can 
propose educated strategies in order to take full advantage of our time in Puerto Rico. 
2.2.5 Managing for Low-impact Recreation 
Creating a management plan aimed at low-impact recreation involves a clear 
understanding of what this term entails. Low-impact recreation may be considered as a form of 
ecotourism. In order to avoid undesired corporate attention and excessive development which 
often accompanies popular ‘ecotourism sites,’ the aim of this project will be referred to as ‘low-
impact recreation’. Although ecotourism sites are often abused to the point where they no longer 
incorporate passive use, its ideal definition still coincides with definition of low-impact 
recreation.  
Ecotourism can commonly be thought of as tourism that involves travel to areas of 
natural or ecological interest. Luck (2003) defines it as a form of tourism that encompasses three 
criteria: that it provides for conservation measures, includes meaningful community 
participation, and is profitable and can sustain itself. The area devoted to ecotourism activities in 
a karst or wetland region is generally referred to as a recreational area. Over the past few 
decades, recreational areas have begun to develop in the Río Abajo Forest region. Although none 
of these areas existed in 1936, there were 85 acres devoted to it by 1983 (USDA, 2001).    
Ecotourism is a growing trend, accounting for 7% of all international travel endeavors in 
1999 and increasing at a rate of 4% per year (Issues, 1999). Studies show that visitors to these 
areas, on average, are more compassionate to environmental issues and indigenous people, 
compared to other tourists. Typical ecotourism activities include bird watching, photography, 
and hiking. An area devoted to recreation will usually have some degree of educational activities 
or guides available. Due to the nature of the activities, it potentially offers tropical nations a non-
destructive way to profit from the rainforests (Issues, 1999).  
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In order to ensure that people will make use of it, proper advertisement is vital to the 
success of a recreational area. Many sites will create a simple pamphlet that includes several 
pictures of the area, what is offered there, directions, and contact information. These pamphlets 
are often offered at hotels and information desks of nearby towns and cities. In Puerto Rico, they 
are commonly found with both English and Spanish translations. Another effective type of 
advertisement is for a site description to be published in tour guidebooks and tourism websites. 
For many tourists, the internet and these guidebooks are the basis for their vacation planning. 
Aiming more at local visitors, some recreational sites may contact schools in the area, which 
could attract group field trips and educational studies. All three of these methods are effective 
ways of attracting visitors who seek passive and educational use of wildlife. 
The use of low-impact recreation in the Río Abajo Forest as a means of protecting the 
region is an example of multiple use management. The definition of a multiple use management 
plan is simply the use of land for more than one purpose. In the case where a forest or area is 
endangered from over-use, this management policy is to develop a way to use the forest in 
different manners, but still protect at a reasonable level (Boscolo, 2000). The different uses of the 
forest are generally focused on the conservation of the area and another method of use, including 
logging, tourism, or a multitude of others. In general, attempting to apply effectively more than 
two uses for a land area can prove to be nearly impossible. When closely monitored and 
managed, the ability to have multiple uses in a small area truly grows (Boscolo, 2000). There are 
roughly four steps in implementing and keeping this type of plan in place: assuredness that the 
plan is physically practical, economically efficient, socially accepted, and properly managed 
(Boscolo, 2000). Without these guidelines, the probability of a successful plan without degrading 
or over-protecting a forest significantly reduces. The idea of a multiple use forest is one that is 
desired by many places, and the goal of this management plan is that it will be applied to the Río 
Abajo Forest.  
Case Studies 
A major element in 
this type of investigation 
involves the comparison to 
similar sites of natural 
interest. This section will 
describe several such sites 
that were visited and 
researched, which are starred 
in Figure 13, during the time 
that we were in Puerto Rico. 
It includes descriptions of all 
of the features to be 
considered for 
implementation in Las 
Perdices area of Río Abajo; 
including structures, funding, 
advertisement, educational 
activities and all other 
relevant information.  
 
Figure 13: Map of Natural Reserves we visited and studied. 
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Cabo Rojo 
We traveled to Cabo Rojo Wildlife Refuge, which is a federal forest maintained by the 
US Fish & Wildlife Service. Following seven months of development, Cabo Rojo Wildlife 
Refuge officially opened in January of 2004. The reason for the visit was to analyze the different 
aspects of this educational and recreational site and determine how they could possibly relate to 
Las Perdices Wetland. 
Cabo Rojo’s Visitor Center is very environmentally friendly. The site uses a composting 
toilet, which decomposes waste with pine and bacteria for later use as compost. Its running water 
is obtained from collected rainwater. Electricity to the Visitor Center is supplied by ten solar 
panels. There are two to three days a month when this site needs to use electricity as backup. 
These three systems are very cost efficient and serve as worthy models that the Río Abajo 
Management Plan will take into consideration. 
In order to pay for initial construction and maintenance of Cabo Rojo the refuge sought 
sponsorship from several companies, including Toyota, CitiBank, Fundación Angel Ramos, 
Fundación Cimino, and Puerto Rico Telephone; it also receives funding from the Environmental 
Protection Agency (EPA) and the US Fish & Wildlife Service. Another source of money comes 
from the visitors. The funding also provides the salary for four employees and the “chief 
employee.” Upon entrance, visitors are asked to give a mandatory $3.00 donation to help with 
costs for brochures and toiletries. Cabo Rojo is further sustained by community involvement, 
providing additional volunteers which helps maintain Cabo Rojo’s existence.  
The Visitor Center at Cabo Rojo had many educational aspects that would be useful to 
use as models for the Río Abajo Forest. There are three educational books that guests can look 
through, which provide information on the ecosystems present, the history of the area and the 
interpretative combination of the paths, history, and ecology of 
Cabo Rojo. The walls are covered with several different posters 
depicting the unique aspects of the area including plants, 
animals and the ecology. Cabo Rojo has also created an 
informative video of all the wildlife present in its five 
ecosystems; it was very helpful with identifying these species 
while on the tour.   
In addition, there is an observation tower present on the 
grounds of the refuge (Figure 14). This tower is roughly 50 feet 
tall and allows visitors to see the lagoon and salt flats wildlife 
from an enhanced view then at ground level. This type of 
structure would be an ideal addition to have in Las Perdices to 
enable visitors to observe the birds in the wetland. Ms. Susan 
Silander, Coordinator for Puerto Rico and USVI of US Fish & 
Wildlife Service, informed us that the costs range from 
$15,000 to $20,000. The price for the tower in Cabo Rojo 
included the purchase of the materials and labor; however, the 
tower itself is roadside, which makes transportation of supplies 
relatively simple in comparison to the rugged roads that are the 
only access to the Río Abajo Forest. 
Guided tours are given about three times a day serving approximately 1,000 visitors a 
month. These guided tours give a unique opportunity for visitors to ask various questions whose 
answers may not normally appear on brochures or posters. The trails along the lagoon also have 
bunkers allowing birdwatchers to observe the birds without making the birds feel threatened.  
 
 
Figure 14: Observation Tower at Cabo Rojo 
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Most visitors to Cabo Rojo are Puerto Rican, varying from children on school field trips, 
family visits, or interested residents. There are also visitors that travel to the refuge from North 
America and Europe. Knowing the demographics of the people that come to these areas of 
educational and recreational value will help guide the creation of public awareness of the Río 
Abajo.   
San Patricio Forest 
The forest of San Patricio is unique in the fact that it is a forest within the city of San 
Juan. The area, which originally was a military compound, was abandoned in the 1960’s, 
allowing the growth of secondary forests. As a result, the remnants of this community are visible 
within the forest and have become part of the scenery.  
 At the entrance, there is a Visitor Center and a sheltered craft center. Children visit the 
area to engage in educational activities. San Patricio also provides programs for children with 
visual impairments giving an opportunity to associate the shape with the songs of certain birds. 
The public also travels to the forest seeking “Green Therapy.” Green Therapy refers to the 
relaxation that comes from enjoying a natural area. 
The paths through the forests of San Patricio are all paved and flat, which provides easy 
access for visitors in wheelchairs. The forest’s trail system gives visitors a multitude of routes to 
take. The trails contain interpretive signs. Located by the entrance, there is a sign providing an 
aerial view of the area, several facts about it, and a brief history of its use. On one of the 
innermost trails, away from the noise of the city, there is a meditation area. This area includes a 
small rock garden and several wooden benches. San Patricio provides Río Abajo with an ideal 
example of how to use nature as stress therapy and an escape from city life. It also offered ideas 
regarding educational activities for children and different outreach programs for people with 
disabilities.   
Río Camuy Cave National Park 
One of the best-known ecotourism sites in Puerto Rico is the Río Camuy Cave National 
Park. It is one of Puerto Rico’s national parks. It is here that you can take a guided tour through 
the Camuy Caves and sinkholes of Arecíbo. Entering the facilities, there is a large parking area 
and an extensive Visitor Center, which includes a ticket booth, movie theater, cafeteria, gift 
shop, restrooms, covered waiting area, and several vending machines. The price for admission to 
the 45 minute guided tour is currently $10 for adults and $7 for children. 
The tour begins with a short video in the movie 
theater with the purpose of informing guests of the rules 
and precautions to take during their visit. Following 
this, the group of approximately 30 visitors and a tour 
guide move outside and board a trolley. The tour begins 
on the trolley and travels to one of the cave openings. 
Observers can take note of the signs on the trail edge 
that label several of the area’s plant species. Once 
inside, a paved path winds through the massive flood lit 
tunnels and cave rooms. Although the route starts and 
ends on the same path, a large loop ensures that most of 
the tour avoids repetition.   
After leaving the caves, the trolley takes visitors to an observation deck that overlooks 
the 650-foot diameter Tres Pueblos Sinkhole. Although the groups in the tours of Camuy Caves 
are large, the guides are very friendly and accepting of questions. Overall, Río Camuy Cave Park 
 
Figure 15: Plant Sign at Camuy Caves 
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is a spectacular location for photographers, spelunkers, and ecotourists to experience this unique 
geographic formation. 
Cambalache Forest 
Our group traveled to the Cambalache Forest 
for trail and center ideas. Adjacent to the parking lot 
is the Visitor Center, along with a picnic pavilion, 
swing set, jungle gym, and restrooms. The Visitor 
Center and recreational areas are paved and 
wheelchair accessible, as shown in Figure 16.  
Cambalache has both walking trails and 
biking trails (see Figure 17), each with directional 
arrows. Trail widths range from four to 10 feet. Along 
the walking trails are informational signs giving a 
history of the area, vegetation descriptions, wildlife 
identification, or other data. Also located 
sporadically about the trails are benches for 
resting and scenic viewing.  
One of Cambalache’s advertisements 
and educational activities is a virtual tour on 
an interactive CD. The introduction contains 
messages from both the Secretary of the 
DNER and the center’s sponsor, Arecíbo 
Pharmacy. Once the main menu pops up, the 
user can click for information on the forest, 
trees, animals, activities, or science. Each 
category has its own subsections, including 
directions, maps, species identification, an 
image gallery, and forest pharmacy (linking 
the investor to its investee). The CD can 
prepare the user and future visitor of the many sights to see in the Cambalache Forest. 
Piñones: Linear Parks and Greenways 
Perhaps the most illustrative definition of “greenways” is that which Charles Little 
portrays in his classic book Greenways for America: “A greenway is an open space, of linear 
form, that is established along a natural corridor, like the banks of a river or other body of water, 
valleys, mountains, abandoned train tracks, canals, and scenic routes. It is any natural or 
constructed landscape that serves as a passage for pedestrians and cyclists. It is a corridor of free 
space that connects the parks, natural reserves, cultural resources and historic sites with urban 
areas” (Little in Bravo Colunga, p.20).  
The term “greenway” depicts a path or walkway surrounded by trees, wildlife, and open 
air. They can be on public land, or pass through private property with the intention of protecting 
the natural environment. Some greenways conserve native ecosystems and others are simply 
recreational. Overall, a greenway or linear park is a corridor that navigates through a variety of 
landscapes, from the most natural to the manmade. Three of the most famous parkways were 
designed by Frederick Law Olmsted: New York’s Central Park, Detroit’s own Belle Isle, and of 
course Boston’s Emerald Necklace (Bravo Colunga).  
 
Figure 16: Wheelchair Accessible Trail at Cambalache 
Forest 
 
Figure 17. Cambalache Trail Map. 
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The most popular linear park in Puerto Rico is the Piñones Pathway in Loíza, to the east 
of San Juan. The park provides paths exclusively for pedestrians and cyclists, with scenic areas, 
observation towers, interpretive signs about the natural resources and cultures of the area, and 
other facilities for the users of the walkway. This park offers an alternative to typical recreational 
activities with the gratification of natural and scenic sites and the social interchange between 
residents and visitors. The planning phase of this project, developed by the Department of 
Transportation and Public Works (DTOP) and the Highway and Transportation Authority 
(ACT), included in the design the elements necessary for protecting the natural resources of the 
area, considering especially elevated sections and the Piñones Forest (Bravo Colunga).  
Las Cabezas de San Juan Reserve 
Upon arrival at Las Cabezas in Fajardo, one first encounters its Visitor Center. The 
building consists of a small shop, restrooms, a wrap-around porch and a small walkway to the 
beach. Posted on the walls of the building are large posters that give information about the paths, 
history, weather patterns, and wildlife of the area. This gives visitors some background 
knowledge of what they have just seen or are about to see on a tour. The small porch is shaded 
by the building’s roof and contains several rocking chairs. At the shop, tourists can buy candy, 
refreshments, postcards, souvenirs and books written about the history and wildlife of the area. 
Visitors that come to Las Cabezas de San Juan Reserve can take a guided tour around the 
whole reserve. Motorized trams drive the visitors to the three focal points of the reserve: the 
ocean, a lighthouse and to a wooden walkway through the mangrove lagoon. Throughout the ride 
to these different focal points, the guide speaks of interesting facts about the reserve and points 
out different facts about certain flora and fauna. At each of the three stops, the visitors are guided 
through the area and are further informed about the spot and its wildlife. 
At the lighthouse, El Faro, there are educational displays set up for visitors to gain further 
knowledge of the area. Small tanks are set up with different species of flora and fauna that are 
present throughout Las Cabezas. The tanks contain things such as hermit crabs, lizards, fish, 
mangroves, and sea cucumbers. There is one open tank where visitors can touch the display of 
sea cucumbers. Also at the lighthouse there are several other educational displays consisting of 
posters and fossils of different animals that can be spotted from the area. On the roof of the 
lighthouse, there is a small deck where the entirety of Las Cabezas can be seen, as well as the 
ocean and neighboring islands. On the railings of 
the porch are small signs that give a picture and 
brief description of certain wildlife species that are 
frequently seen from the lighthouse.  
The trail through the mangroves consists of 
a 14-year-old raised wooden walkway (Figure 18) 
that enables visitors to walk through an area of 
dense vegetation and interesting wildlife. Normally 
walking through such an ecosystem is not possible 
because of deep mud and water up to 12 feet deep. 
Although the walkway was built in 1991, it has 
held up well and proved to be able to sustainable 
even in a climate with harsh weather patterns. On 
this trail system, similar signs to those at the lighthouse are placed upon the railing giving 
information about certain species of the area. In the middle of the walk through the mangroves, 
there is a small post that tourists can climb to get a view of the mangrove canopy and 
surrounding area. 
 
Figure 18: Wooden walkway over Las Cabezas. 
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2.3 Las Perdices Wetland 
 Located at the border of Arecíbo and Utuado municipalities, the Río Abajo State Forest 
consists of 5780 acres of thick secondary forests. This puts it in the humid region of the northern 
limestone hills. At an elevation which ranges from 200 m to 424 m and a mean temperature of 
about 25°C, the majority of the region is considered to be subtropical wet forest for the amount 
of rain and drainage of the area (the rest being subtropical moist forest). Before considering this 
area’s potential for recreational and educational uses, there must be a clear understanding of all 
of the biological, social, and economic factors involved. This section will provide a brief history 
of the land, its current uses, the community located within the forest, and the physical structures 
and funding available in Puerto Rico for such projects. 
During the first half of the 20th century, most of Puerto Rico’s forests were cleared out for 
agricultural uses. This deforestation was accomplished by means of burning the vegetation in 
what would later be the Río Abajo Forest. All that remained of the original forest was on the tops 
and steep sides of the mogotes, which were not appropriate for agriculture. However, in 1935 the 
Río Abajo Forest was established by the Reconstruction Administration with the purpose of tree 
production and forest reconstruction. 
From 1936 to 1938, the Civilian Conservation Corps planted large areas of maría and 
Dominican mahogany trees in the Río Abajo. Since the early sixties, Honduran pine, mahoe, 
teak, kadam, and Honduran mahogany were also added to the region. Also growing in the forest 
is the original vegetation whose seeds were most likely carried down from the mogote tops 
through rainwater. Until the early 1990s, the Río Abajo Forest was used, though not extensively, 
for timber production and harvesting. However, these activities were stopped with the addition of 
the endangered Puerto Rican parrots to the José L. Vivaldi Aviary in 1993. 
2.3.1 Current uses 
Since the 1970s, the DNER has made plans for the Río Abajo Forest that includes 
ecological research, discussions of environmental issues, and general recommendations for 
recreational use. The formal management plan is in the creation process and will soon be put into 
effect. At present, there are some recreational and educational activities in the forest. We 
investigated the Río Abajo Forest area, as well as both the Visitor Center and the María Soto 
Campground for their potential in further development and use. 
Visitor Center 
Entering the Río Abajo Forest off PR-10, guests 
drive down the hilly PR-621 for about one half mile 
before coming to a small intersection. Going left at this 
point will take them towards the DNER’s forest office, 
Comunidad Jobos, and eventually José L. Vivaldi 
Aviary. To the right is the Visitor Center, a tan and 
brown building set back in the forest as shown in Figure 
19.     
The facilities are handicapped accessible, and 
include restrooms, a small kitchen, and a ticket booth. 
The majority of the interior is one large room with 
plenty of folding chairs available for group discussions 
or videos. For this same purpose, there is also a large television, VCR, several maps of the forest, 
and a speaking podium available. Behind the center, visitors may be surprised to find a delightful 
 
Figure 19: Río Abajo Visitor Center 
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quarter mile nature trail. Though short, this loop of trail contains several benches, bridges, picnic 
tables, barbecue pits, and covered seating areas. It also gives first-time guests a glimpse of the 
types of vegetation and birds that they can expect to find in the Río Abajo Forest. 
Although some guidebooks claim that the Visitor Center is open from 9am to 3pm, 
Monday through Saturday, it is rarely open anymore. Currently, the building is only used when 
large groups, such as field trips, are expected for a tour. However, located just down the road, 
other guests can find assistance at the DNER’s forest office, which is open Monday through 
Friday, 7:30am-4:00pm, and 8:00am-2:00pm on weekends. The Visitor Center has the potential 
to support many different activities for forest guests, and would certainly be a valuable asset as 
the number of forest visitors increases. 
María Soto Campground 
Unlike the Visitor Center, the María Soto Campground attracts many visitors. There are 
generally some campers on weekdays, but on most weekends and holidays, the campground will 
be filled close to capacity. There are 20 square gravel areas set aside specifically for setting up 
tents. Also available are two showers, restrooms, covered sitting areas, picnic tables, and several 
barbecue pits. 
The cost for camping is $4 per night for people older than 10 years and $2 for children 
less than 10 years old. Directly off the campground is the María Soto trail, which campers are 
free to explore. This rocky and hilly trail takes hikers past streams, karst cliffs, and small wetland 
regions. Along the sides of the trails are occasional signs that identify plant and tree species. 
However, these signs are clearly old and in poor condition. Since the trail is poorly marked and 
eventually comes out to a road, visitors could easily be disoriented. María Soto is also very close 
to Las Perdices Wetlands, but since there are no signs or maps at the campsite, many visitors are 
probably unaware of how to find the wetlands. Overall, the María Soto Campground has all of 
the amenities needed for camping, but lacks information and direction for visitors about the 
surrounding forest. 
2.3.3 Comunidad Jobos 
In order for visitors to reach the forest, they must pass on PR-621 through the small town 
Comunidad Jobos. Located between the Visitor Center and María Soto Campground, this 
community would experience most, if not all, of the effects of increased tourism in the forest. 
Although the town is small, comprised of only 50 houses, special consideration should be taken 
for Comunidad Jobos. Currently, this community practices poor trash disposal processes and, as 
a result, much of their waste ends up in the forest and wetlands of the surrounding area.   
The World Wildlife Fund (WWF) created Guidelines for Community-Based Ecotourism 
Development (WWF, 2001) which serves the purpose of assisting project planners in the 
integration of communities with ecotourism. These guidelines could be useful for the integration 
of Comunidad Jobos with recreational and educational programs in the Río Abajo Forest. This 
situation should be handled carefully and with consideration for the members of the community, 
since improper actions could upset the general public. The DNER has already begun preparing a 
separate project in which they will analyze Comunidad Jobos for use in the Río Abajo’s 
Management Plan. For this reason and due to the sensitivity of the district, our project will not 
encompass an in-depth analysis of community involvement. This section will explain the 
guidelines created by the WWF for community-based ecotourism for future consideration. 
The guidelines were grouped into four sections that relate to different stages of initiatives. 
The first group of initiatives is to consider whether ecotourism is an appropriate option for the 
region. This involves a study on the potential benefits to the community and the environment, the 
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current actions being taken in the area, and the incentives that the community would need to alter 
their behavior. The potential benefits of ecotourism to locals include the creation of more 
sustainable livelihoods as well as greater involvement in conservation efforts. It has been 
discovered in a number of instances that simply raising awareness of the value in wildlife has 
been sufficient to make considerable differences in communities as well at regional levels. A 
feasibility study should be done based on the natural attractions, the ecosystem’s ability to 
handle visitation, and the community’s acceptance of tourism (WWF, 2001).  
The second group of initiatives to be undertaken involves the cooperation of communities 
and other stakeholders with the management plan creators. This involves finding the best ways to 
involve the community, such as the employment of locals and/or the selling of crafts made by 
locals. Planners should work with communities to ensure that there is a shared vision for the 
ecotourism and the expected level of impact. This includes agreeing on the expected number of 
visitors at any given time, visitors’ codes of conduct, and allowable boundaries (WWF, 
2001).There are multiple DNER workers in the Río Abajo who also live in Comunidad Jobos. 
They may be available to serve as a mediating party.   
WWF’s third group of initiatives refers to the development of quality, useful projects 
involving the community. In the case of Río Abajo, the main concern would be the training and 
education of community members as potential employees.  
The fourth set of initiatives encompasses the need for constant adaptive management. 
This includes the monitoring of impacts due to ecotourism, the increase of benefits to the 
community and environment, and an examination of the program’s performance. As with any 
project, enough time should be given in order to see the effects before conclusions could be 
made (WWF, 2001). Only after considering these issues and the unique concerns of a given 
community can a thorough ecotourism plan be developed. 
2.3.4 Possible Structural Designs  
In the Río Abajo Forest, we wish to enhance the educational and recreational value of 
each visitor’s experience. The implementation of different structural features will allow for more 
wildlife viewing, bird sightings, and in essence a much greater experience in this environment. 
There are two types of structures that could have this effect on the surrounding environment and 
only cause minimal impact. These two structures, shown in Figure 20, are a floating trail and an 
extended deck (Steinholtz, 2001). 
Floating trails float on the surface of the water, and are similar to docks. There are 
multiple ways to give the trail buoyancy, such as watertight drums, polystyrene-filled plastic 
pipe, or other floating systems (Steinholtz, 2001). We must remember that whatever floating 
system we choose to recommend must be rot resistant or protected from the environment in some 
way. Anchors are required in such a trail design to hold the ends in place. Multiple anchor types 
could be used in Las Perdices such as buried anchors, helical piles, concrete deadmen, or long 
wooden piles. The floating trail must remain straight in between each anchorage point 
(Steinholtz, 2001). A floating trail would be feasible in Las Perdices due to the calmness of the 
water and it would have the ability to change its height with the influx and efflux of water. The 
negative side of this design is that it is an extensive project because it must extend across the 
wetland and it will cause disruption to plant species in the wetland by blocking sunlight. Further 
details for the development of a floating bridge and the tools necessary can be found in the 
manual entitled Wetland Trail Design and Construction (Steinholtz, 2001).   
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A deck is another possible structure that could be implemented into the wetland. Based 
on Las Perdices, a two-ledger bent would probably be the best design (Steinholtz, 2001). Friction 
piles or helical piles would be used for the foundation or post of the deck. Two ledgers are used 
in this design to increase the width provided for walking; they are required for any structure built 
more than two feet above the water level. If the DNER decides to build the deck more than three 
feet above water level, diagonal braces must be implemented (Steinholtz, 2001). It will be at the 
DNER’s discretion to decide if a railing system is necessary. A deck will be a sturdy design, but 
will not appear as rustic and natural as the floating trail. More detailed information regarding the 
two-ledger bent can also be found in the Wetland Trail Design and Construction manual 
(Steinholtz, 2001).  
 There are positive and negative aspects to both of these structural designs. They will both 
provide access to better wetland viewing with little impact to the environment. Engineers within 
the department who can best determine the invasiveness of both structures will have to decide 
the best choice for Las Perdices Wetland.  
Solar Power 
Solar energy is an important technology that will serve as a great way to supply the forest 
with lighting, water pumping, and other energy needs within the Río Abajo area. After 
interviewing Ms. Ana Beatriz González and Mr. Julio Leandry (personal communication, April  
9, 2005), the design engineer in the Administración de Asuntos de Energía of the DNER, we 
gained an understanding of the requirements that are necessary for the installation of solar energy 
within the forest as well as their encouragement towards the utilization of this technology.   
Due to Puerto Rico’s high rate of annual radiation, solar energy is a terrific way to use 
one of the island’s greatest resources: sun. A positive aspect of the solar energy systems are the 
few problems associated with its implementation and the little maintenance necessary after 
installation. The batteries in the system last about 8-10 years. An environmentally friendly sealed 
gel battery does not leak acid. There is also a 25-year guarantee on solar panels; on average, they 
have a 40-year lifespan. The initial cost of this project is quite high, but over the course of time, 
the user saves much money as well as resources. A trust fund within the Administración de 
Asuntos de Energía branch fully finances these types of projects (refer to the Funding Section for 
 
Figure 20: Floating Trail and Two-ledger Bent with Diagonal Brace 
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further information). Based on the information gathered, solar energy is an excellent energy 
source. It will serve as a cost-efficient, low maintenance, resourceful, and useful addition to Las 
Perdices and all of Río Abajo. 
2.3.5 Funding  
In order for a management proposal to be effective, there must be funding available for 
manual labor and materials. We took multiple approaches for gathering the necessary funding 
information. To better understand the specific demands that a management plan requires, we 
interviewed multiple people such as Ms. Magaly Figueroa who represents the USDA Forest 
Service at the International Institute of Tropical Forestry. She provided us with The Principal 
Laws Relating to USDA Forest Service State and Private Forestry Programs, which we utilized 
to understand the steps that must be taken for funds to be granted. We also visited the 
International Institute of Tropical Forestry Library to gather further literature specific to this 
topic.   
Since the Río Abajo is a State Reserve, funds from certain programs are available to it. 
The Cooperative Forestry Assistance Act of 1978 is described as “an act to authorize the 
Secretary of Agriculture to provide cooperative forestry assistance to States and others, and for 
other purposes” (p. 1, USDA, 2003). Its purpose is “to authorize the Secretary…, with respect to 
non-Federal forest lands of the United States, to assist in…broadening existing forest 
management…to meet the multiple use objectives of landowners in an environmentally sensitive 
manner; providing opportunities to private landowners to protect ecologically valuable and 
threatened non-Federal forest lands; and strengthening educational, technical, and financial 
assistance programs that provide assistance to owners of non-Federal forest lands,” among others 
(p. 2, USDA, 2003).  
The Secretary can provide funding to State and other private forests so that the forest 
officials may perform activities that are consistent with the purposes of the Act. Some examples 
are: protecting and maintaining the multiple values and uses of forest lands; protecting wildlife 
species, including endangered species, and their habitats; implementing forest management 
technologies; handling the rural-urban land interface and the forest resources in and adjacent to 
community areas; identifying and managing recreational forest land resources; protecting 
aesthetic forest character; and protecting forest land from conversion to other uses (USDA, 
2003). 
In order for a forest to be eligible for assistance, the owner of the lands must first develop 
and implement a management plan that cares for no more than 1,000 acres of land (unless 
significant public benefits are determined as a result of increased acreage, in which case up to 
5,000 acres may be considered), is approved by the State forester, and attends to site-specific 
activities. The management plan must describe the projects and activities that will be used to 
protect the wildlife resources. At a minimum, the management plan must apply to the land areas 
that will be utilized by the activities. The Secretary will create a list of approved forest activities, 
including the restoration and use of forest wetland areas. If an eligible owner’s management plan 
is approved, the Secretary will share the cost of the implementation, up to but not exceeding 75 
percent of the total cost. The Secretary has $100 million of funds from the Commodity Credit 
Corporation to perform the Program until September 30, 2007 (USDA, 2003).  
The Forest Stewardship Program’s goal is to enter 25 million acres of rural forestlands 
into the Stewardship Program by December 31, 1995. Lands shall be entered with the purpose of 
managing and enhancing wildlife habitat, wetlands, recreational resources and the aesthetic value 
of the forestlands. In order to enter land, the owner must create and submit a stewardship plan 
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that describes the actions to be taken which will do so. The Secretary has $25 million dollars 
each year from 1991 to 1995 to complete this section (USDA, 2003). 
There are eight areas in Puerto Rico that are within the Legacy Program, one of which 
includes the Río Abajo Forest. The purpose of the Forest Legacy Program is to ascertain (from 
willing landowners) and protect environmentally important forest areas that are in danger of 
conversion to other uses. For areas to be considered for the Program, they must have significant 
environmental values or be threatened by conversion to non-forest uses. Owners must submit an 
application in order for the region to be taken into account. The Secretary will pay the 
appropriate market price for approved applications. Land acquisition and project costs will be 
split between the Secretary and participating entities. The Secretary will share the cost of the 
Program, up to but not exceeding 75 percent of the total cost. The participating State may request 
that the Secretary provide a grant to the State to carry out the Program.  
An additional program that can be applied to for funding is the Forest Land Enhancement 
Program also known as FLEP. This program was included in the Farm Security and Rural 
Investment Act of 2002. It took effect on June 9, 2003, in the US Department of Agriculture. 
FLEP builds on the work already done by the Stewardship Incentive Program and the Forestry 
Incentives Program. It focuses on forest management on private land to promote the conservation 
as well as provide technical, educational, and financial assistance to the landowners.   
There are four main objectives specific to the Puerto Rico FLEP. The objectives are 
primarily based on the guidelines of the Stewardship Program and any other issues that might be 
involved. The first objective is to promote biological and ecological conservation. The second 
objective is use of the watersheds to promote FLEP. The third objective is to use multiple 
agencies to assist the implementation of 
FLEP. The fourth objective is to help FLEP 
develop its technical abilities. The Forest 
Service Bureau of the DNER will be in 
charge of implementing the program and the 
USDA Forest Service at the International 
Institute of Tropical Forestry supervises the 
distribution of funds. Table 2 illustrates the 
amount of funding each component of the program receives.   
Funding for Solar Energy 
 The Administración de Asuntos de Energía (AAE) division of the DNER has a special 
trust fund to finance energy resource projects. In order to obtain funding, specific requirements 
must be fulfilled. The first step is an evaluation of the location by an engineer within the 
Administración de Asuntos de Energía division who will make suggestions of what is 
appropriate and the materials that will be sufficient for the area. The second step that must be 
completed is a proposal outlining the goals, work plan, project schedule, project benefits, project 
management, capabilities, human and other resources, a project budget, and the way in which the 
project will be monitored. After these guidelines have been met, there will be a two-week 
evaluation period. During this period, it will be decided if the plan will be approved or rejected 
for financing. We gathered this information through an interview with Ana González and Julio 
Leandry of AAE (personal communication, April 9, 2005). 
 
Table 2: Fund Allocation by FLEP 
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Chapter 3. METHODOLOGY 
The Department of Natural and Environmental Resources is working to create a 
management plan for the Río Abajo Forest. In order to do so, they have divided the region into 6 
separate regions: Las Perdices Wetland and Drainage Area, María Soto Campground, 
Comunidad Jobos, River, José Vivaldi Aviary, and the remaining forested region (Appendix D). 
The purpose of this project was to investigate Las Perdices Wetland and drainage region to 
determine its potential for recreational and educational activities, and to make recommendations 
for their development. The project ran from March 14, 2005 to May 3, 2005. The DNER 
presented our group with the following objectives: 
 
1) Identify and describe the physical characteristics of the wetlands and its area of 
protection.   
2) Identify potential passive recreational uses and evaluate their potential impacts to the 
environment, making use of the wetlands and its protection areas.  
Passive Recreational Uses Proposed: 
 Photography 
 Bird Watching 
 Educational Talks (all ages) 
 Flora Investigation 
 Possible location of a natural auditorium (wooden or stone) to give discussions 
outside. 
 Interpretive paths and their possible interconnection to other points of interest 
 Wooden suspension bridge that either borders the wetlands or traverses it. 
 Possible location of an observation tower (near or in the center of the wetlands as 
part of the suspension bridge). Analyzing the state and federal laws related to 
wetlands and regulations from the US Corps of Engineers. 
 Others 
3) Identify the potential use of the distinct paths that serve to interconnect Las Perdices 
marshes with other wetlands within the forest and at the same time serve as interpretive 
paths. 
4) Recommend the most adequate alternatives in completing construction projects such as 
suspension bridges, the natural auditorium, and the observation tower in the wetlands 
area. 
5) Recommend the most adequate alternatives to handle, administrate and protect Las 
Perdices Wetlands and its protection area in the implementation of proposed projects. 
6) Analyze the carrying capacity of the proposed project according to the natural 
characteristics of the area. 
7) Recommend several types of educational and tourist workshops according to the carrying 
capacity of the area. 
8) Recommend and evaluate the possible use of the facilities of María Soto as an exit place 
and parking for walking to Las Perdices Wetlands. 
9) Evaluate the advantages and disadvantages of this project for the natural area in question. 
 
Of these objectives, we were not able to recommend how to handle, administer, and 
protect the wetland (Objective 5), as we do not have enough experience with the management of 
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natural areas. Our experience in the field with our liaisons and the research we conducted while 
in Puerto Rico gave us enough information to address the rest of the objectives. 
Although the information presented in the Methodology was collected in the field, a great 
deal of research was simultaneously accomplished elsewhere. In order to be able to make 
educated and thoughtful recommendations, our group gathered information that was unattainable 
before we were in Puerto Rico. This included an updated knowledge of the current use of the 
forest, the Visitor Center, the camping area, and the local community. Our group was also able to 
visit several similar sites of natural interest that contain recreational and educational activities for 
consideration (summarized in section 2.2.5 – Case Studies). Lastly, we analyzed the potential 
funding for such activities and spoke with appropriate people for information. The majority of 
information regarding these topics was gathered in the first four weeks of the project and is 
presented in the Background Information section.  
Drumm and Moore (2002) explain that there should be two main segments to the 
development of a management plan: the diagnostic and the recommendations. This section 
presents the methodology followed for each of these portions of the project. The diagnostic 
portion will explain how data was collected from the forest while the recommendations portion 
will explain how this information was combined with the background information in order to 
develop suggestions for appropriate low-impact development in the form of a management plan. 
3.1 Diagnostic 
This segment of the management plan is referred to as “Diagnostic” because its purpose 
is just that: to diagnose the selected region and determine its potential. In order to do so 
thoroughly, our group went to Las Perdices section of the Río Abajo Forest several times each 
week for the first six weeks of the project. During the initial visits, the goal of the group was to 
become acquainted with the region, experience its natural attractions, and become comfortable 
with the topographic GIS maps and their use in navigation. In the weeks following these initial 
visits, we researched and learned specific methods for collecting data on vegetation, birds, and 
soil. 
After two weeks of exploring the area and testing several data collection methods, our 
group was prepared to start evaluating points of interest. The term “point of interest” for this 
project refers to any specific location in the forest to be considered for a recommended use. This 
site could be a good lookout point for bird watching, a potential location for an observation 
tower, the location of an endangered species, a possible area accessible by persons who are 
disabled, etc. In addition, there was thought of developing new trails where currently only 
wooded forest exists. Therefore, potential regions for new trails and locations that they would 
pass through were also considered as points of interest. Finding these “off-trail” locations 
involved studying the topographical maps and satellite images and then trekking through the 
thick foliage for further investigation.  
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In order to describe the region and record information about each point of interest, our 
group formulated certain data collection methods. These methods were based on wildlife census 
research as well as strategies suggested by our liaisons at the DNER. The following information 
was documented at each location and reported in the Results section: 
a. General Description – Reason for Interest 
b. Flora Census 
c. Fauna Census 
d. Soil Interpretation 
e. Hydrology Determination 
f. Photographic Documentation 
g. Geographic Positioning System Analysis 
3.1.1 General Description – Reason for Interest 
At each location, we recorded a general description of the area. The purpose of this 
section was to define the reason that the area is being considered as a point of interest (POI). 
This included notes about interesting geological features, the view, the current terrain, unique 
vegetation, or distinctive bird activity. These site descriptions proved to be valuable resources in 
our later analysis.     
3.1.2 Flora Census 
The technique that was used for collecting vegetation information is formally known as 
the “line transects without distance estimates” method of recording (Wunderle, 1994), but could 
be called the “anything you can see method.” Here we walked along the trail that borders Las 
Perdices Wetland and listed all of the significant vegetation we noticed. In the beginning, we 
stayed in the same place until we had a list of the most obvious flora of the area. We continued 
along the trail identifying and recording any other vegetation that appeared along the wetland. At 
first, we catalogued all of the vegetation we found so that we would be familiar with Caribbean 
plant life. Once we were accustomed to the species we would be dealing with on a regular basis, 
we began recording points of interest. We made special note of the endangered and rare species 
that we found and took their GPS locations; these became our specified points of interest. 
The species we recorded from the method described above we catalogued as “trailside 
vegetation.” Next, we traveled off the beaten trail through highly vegetated paths along a mogote 
to land areas we marked as points of interest. At each of these points, we recorded the vegetation 
that was there by using the same visual count method. However, at these locations we did not 
travel, but instead remained at the spot and limited our area of analysis in this way. This was 
important, so that the many points of interest that we inventoried could be compared later.  
3.1.3 Fauna Census 
The process we used to inventory the fauna was a rapid sampling method called 
“variable-radius point count” (Wunderle, 1994). The point count method for determining birds—
and frogs, in our case—is very simple as long as one is able to recognize various birds by their 
call. To begin the census one would sit quietly in one spot for exactly fifteen minutes. Within 
that timeframe, we recorded every species we heard calling in one list, and every species we saw 
in another list. The reason for the point count is to determine the birds that are present in the 
area, which one would be able to hear or see. A strict point count would not include any species 
heard or seen after the fifteen-minute time limit. As ours was a casual way for us to become 
familiar with the wetland wildlife, we did not exclude any last-minute species we heard. The 
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potential downfall of a point count is that a new species would not be included because its call or 
appearance would be unknown (Wunderle, 1994). 
At the end of the point count, we marked the area with orange tape so we could repeat 
our experimentation in the same spot at varying dates and times. Point counts for the same area 
are performed more than once in order to get as accurate a measure of the area’s wildlife as 
possible, given the rapid sampling assessment. This method was done at all of the points of 
interest that we noted during our land inventories for later comparison. 
3.1.4 Soil Interpretation 
The soil types of the points of interest along the trails were determined through two 
approaches. The first method was the use and analysis of the map provided by the US 
Department of Agriculture (USDA) Soil Conservation Service, which had mapped out the 
specific soil types for all areas in and around Las Perdices Wetland. After an understanding of 
the map was gained, it was used to look at the specific location and consider indicators for the 
varying soil types, such as the color of the topsoil, rocks present, and the slope of the land at the 
location being analyzed. With this information, we determined the advantages and disadvantages 
related to soil, such as construction, of each location and any possible usages. 
3.1.5 Hydrology Determination 
The hydrology of Las Perdices Wetland is an important detail, with many factors that 
must be taken into account before recommendations for use can be made. Steps have been taken 
to make inferences based on the data present or that has been collected to this point. Some 
important features could be seen, such as obvious wetland areas and streams. The interpretation 
of hydrology maps was very helpful towards determining the hydrology of this area. The US 
Geological Survey provided information regarding the annual, seasonal, monthly, and daily 
precipitation in Las Perdices Wetland, which is a major factor indicating the amount of flooding 
throughout the year.   
3.1.6 Photographic Documentation 
 For each point of interest, multiple photographs were taken. We first took pictures of the 
entire area to use later as reference when making decisions on recommendations. They were also 
later used as a reference for the discovery of other important features of the area that were not 
recognized on the trip to the field. Top-quality photographs of important plant or land structures 
were taken to use for education and advertisement of the area. When collecting the data at each 
point, the number of the photograph was recorded to allow for organization and to be sure that 
there was no confusion between different points. 
3.1.7 Geographical Positioning System Data Collection 
 Geographic Positioning System (GPS) software was used extensively and was vital to 
data collection, organization and recommendations. At each point of interest, we used the GPS 
system (or extrapolated with knowledge of maps and guidance from liaisons) to record the 
position. These positions were later input into the geographic informational system software 
ArcGIS version 9.0. With this software, we were able to add the points to the existing map of the 
Río Abajo area. The locations could then be viewed in relation to each other and other important 
geographic features. These new maps were also used in the field to help with revisiting points of 
interest and for finding new points. 
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3.2 Recommendations 
For the last two weeks of the project, our group’s aim was to take our knowledge of 
management plans, similar projects, community involvement, possible structures, potential 
funding, and field data and devise recommendations for the DNER. The purpose of these 
suggestions is to provide the DNER insight as to which recreational and educational activities to 
pursue for the area and in which locations. In order to organize and clearly present our ideas, we 
used a specific format as suggested by Drumm and Moore (2002) and demonstrated in Chapter 4. 
Our recommendations will take the form of a formal management plan. 
As shown in Figure 3, recommendations should be categorized by the main goal they are 
intended to address. It was decided that all of our suggestions fit under one goal: to make 
recommendations for the implementation of educational and recreational activities in Las 
Perdices Drainage Area of the Río Abajo Forest. Our group then devised strategies for this goal. 
Strategies are directed towards resolving the main issues or concerns presented in the 
background and diagnostic sections. From here, we devised a list of objectives for each strategy. 
In this case, the objectives are desired outcomes for the DNER to accomplish. These objectives 
comprised the basis of all recommendations and were carefully considered. 
For each objective, the purpose was clearly defined. This was so that the DNER would be 
aware of the reasons for choosing each objective. The purposes were drawn from both 
background research and field data, as described in the diagnostic section. A clear set of feasible 
activities were also devised for each objective proposed. These activities can be thought of as a 
recommended procedure to follow in order to accomplish the objective.  
Following this procedure provides a clear and organized structure for presenting 
recommendations to the DNER. The objectives are reasonable accomplishments while the 
activities provide clear instructions for implementation. The recommendations should prove to 
be a clear analysis of the results and a valuable asset for the DNER in their overall management 
plan creation. 
The recommendations we make to implement low-impact activities in Las Perdices 
Wetland of the Río Abajo Forest will be used as the “Commencement Plan of the Managing 
Zone of Las Perdices Wetlands” section of the DNER’s Río Abajo Management Plan, which the 
department is currently developing. Therefore, we combined the next two chapters, Results and 
Analysis & Recommendations, in the form of a management plan.  
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Chapter 4. RESULTS 
 The ultimate product of this project will be the management plan following this section. 
This plan will be the culmination of the information that we found and the resulting 
recommendations. In the course of preparing the management plan, several project resources 
were developed. These resources include the organized results of our field research, literature 
reviews, and personal interviews. This section will describe the purposes of the following 
resources and their relevance to the plan.   
• Points of Interest Inventory 
• Inventory of Flora and Fauna 
• Tourist Brochure 
• Interpretive Pamphlet 
• Virtual Tour 
• Bird Pamphlet 
• Library of Trail-Building Resources 
• Area Maps 
4.1 Points of Interest Inventory 
The Points of Interest Inventory is a comprehensive catalog of any interesting locations in 
and around Las Perdices Wetland area. These points are individual locations or stretches of land 
that contain anything from a scenic view, to an endangered species spotting, to notable karst 
features; anything that a visitor would be interested in experiencing. The points of interest were 
our basis for determining recommendation locations. Based on the flora, fauna, soil and 
hydrology, we were able to develop the best recommendation of the area, if any. These points 
can also be used by the DNER and others to create further ideas and continued management of 
the area. 
4.2 Record of Flora and Fauna 
The Records of Flora and Fauna are compiled lists of all wildlife species that we recorded 
in Las Perdices Wetland. The fauna list contains each bird’s scientific name, English common 
name, Spanish common name, and any relevant species information, including endangered 
status, wetland population. The flora list contains each plant’s scientific name, common name, 
endangered status, location within the forest, and any interesting facts about the species. These 
records were used within the Points of Interest Inventory. 
4.3 Tourist Brochure 
The Tourist Brochure is a self-contained advertisement which will be a double-sided 
leaflet in both English and Spanish, describing Las Perdices Wetland to potential visitors. It will 
include a brief description of the environment, wildlife and what visitors can expect to see at Las 
Perdices, as well as contact information and directions to the area. The brochure will be available 
at the Río Abajo Visitor Center and tourist locations throughout the island of Puerto Rico. The 
created brochure is used as an example to assist in making recommendations for creating 
awareness of Las Perdices. 
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4.4 Interpretive Pamphlet 
The Interpretive Pamphlet is an informational guidebook for Las Perdices visitors to take 
with them on their self-guided tours. The map in the pamphlet will coincide with interpretive 
signs along the trails and provide a description of the flora, fauna, and geology for each area. The 
pamphlet will allow visitors to have an educational experience without the presence of a guide. It 
also depicts the toxic vegetation that can be encountered within Las Perdices. The pamphlet will 
be available at the Río Abajo Visitor Center. Its availability there will allow the DNER to 
monitor visitor influx. 
4.5 Virtual Tour 
The Virtual Tour is an interactive exploration of the Río Abajo Forest and Las Perdices 
Wetland designed in Microsoft PowerPoint. It contains a history of the area, wildlife species, and 
a map with hyperlinked icons that bring the user to different locations of interest along the trails. 
The Virtual Tour can be used to introduce visitors to the area in preparation of a tour, to revisit or 
highlight information learned while on a tour, or as a supplementary tour to those who are unable 
to visit the area. 
4.6 Bird Pamphlet 
The Bird Pamphlet is a catalog of the common birds that were documented during our 
analysis of the area. The pamphlet includes a photograph, scientific name, common English 
name, and description of each bird’s shape, habits, and habitat. The pamphlet can be used as a 
supplement to visitors while on a tour of the forest, a personal inventory of the birds that were 
seen or heard, or as a souvenir to bring home.  
4.7 Library of Trail-building Resources 
This Library is a description of two of the feasible structures that could be implemented 
in the wetland area to enhance wildlife viewing. It contains the two-ledger bent and the floating 
trail, with explanations of the design and construction for each. The Library will assist in the 
determination of the best structure for Las Perdices, in consideration of invasiveness to the 
environment, wetland water levels, and vegetation. 
4.8 Area Maps 
The area maps focus on different features of Las Perdices as well as the surrounding 
region. These maps vary from topographic, to soil regions, to points of interest. They provided 
insight and assisted us in determining appropriate locations for Points of Interest, as well as 
recommendations, allowing us to give visitors an overview of the area.  
 
These resources were used in combination with all other background research and case 
studies to determine the most appropriate recommendations for development in Las Perdices 
Wetland. These recommendations are compiled into an overall management plan to assist the 
DNER in conservation efforts and protection of this unique area. Las Perdices Management Plan 
follows this section.  
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Chapter 5. ANALYSIS & RECOMMENDATIONS 
 
The Analysis and Recommendations will come in the form of the Management Plan on the 
following page. 
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Management Plan for Las Perdices Wetland 
Part I: Introduction 
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With deforestation and human population both on a constant increase, so is the need for 
environmental conservation. Many private corporations, non-governmental organizations, and 
governmental organizations exist for the sole purpose of protecting existing wildlife. Since most 
forest destruction occurs without considering future effects, the ultimate goal of any conservation 
effort is long-term preservation. The best way to accomplish support for environmental 
preservation is with public education. If people are aware of all the benefits and beauty of natural 
ecosystems, they are much more likely to support the cause. For this reason, increasing public 
awareness has become a growing necessity in conservation efforts. 
One of Puerto Rico’s 15 state forests, the Río Abajo forest is currently most well known 
for its housing of the endangered Puerto Rican parrot in the José L. Vivaldi Aviary. Although 
established in 1935, the forest is yet to have an official management plan created for its 
administration. This lack of direction leaves the forest vulnerable to improper use and possible 
mistreatment. For this reason, Puerto Rico’s Department of Natural and Environmental 
Resources is working towards the creation of management plan to be implemented within the 
next year.  As part of their intention to increase awareness of the Río Abajo forest and its need 
for conservation, the DNER initiated a study on its potential for recreational and educational 
activities for the public. Such activities as camping and nature tours allow for a symbiotic 
relationship between humans and nature. These studies were focused on the section of the forest 
designated for this project as Las Perdices Drainage Area. The results and corresponding 
recommendations are presented in this report: The Management Plan for Implementing Low-
Impact Resources in Río Abajo Forest.   
The implementation of recreational and educational activities will most likely require a 
certain amount of environmental influence and may therefore seem contrasting to efforts to keep 
the forest in its natural state.  However, as described in the title, the construction, modifications, 
and activities will all be in the category of low-impact. This means that they will all be chosen 
and implemented with minimal environmental impact in mind. In addition, the result of such 
activities will be beneficial to the forest in the long term. As stated earlier, the greatest way to 
achieve support for environmental causes is through public education.  This support can come in 
many forms: financial, political, moral, etc. Benefits of such activities are not limited to the 
environment. Visitors will receive entertainment, education, and physical exercise from 
environmental activities.   
Lastly, the increased attention will raise support for the release and preservation of the 
Puerto Rican parrot. Currently, the only location where the parrot exists in the wild is in El 
Yunque National Forest. The expected release of the parrots into the Río Abajo in the next 
several years will be its first introduction attempt into its original karst habitat. This is why the 
DNER’s creation of an effective management plan is so vital to the forest’s and the Puerto Rican 
Parrot’s continued existence. Although it must be carefully monitored and supervised, 
recreational and educational activities in the forest will allow the public to safely observe the 
parrots in their natural habitat. This will be the perfect example for future generations of the 
importance of protecting endangered species and the successful effects of conservation efforts. 
The implementation of recreational activities in Río Abajo would not be revolutionary to 
the forest. Currently, the Visitor Center can provide tours with proper arrangements and the 
Maria Soto Campground offers a scenic camping site. However, these sites are not being used to 
their full potential and were in need of an analysis of alternative uses. Though the initial purpose 
of the project was to investigate the potential for low-impact activities in Las Perdices Wetland, 
it was soon discovered that this would require a consideration of all aspects of a visitor’s forest 
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experience. This includes a study of the forest’s ability to handle low-impact tourism from its 
entrance all the way to the attractions of Las Perdices Wetland.    
The Río Abajo Forest is located off PR-10 on the border of the municipalities of Utuado 
and Arecíbo. Placed in northern Puerto Rico’s karst belt, the majority of the region is composed 
of subtropical wet forest. Upon entering the forest, guests will encounter the Visitor Center. 
Though infrequently used, this center contains facilities, a large main room, and a small nature 
trail behind it. Following PR-621, they will pass through Comunidad Jobos before reaching the 
María Soto Campground. This campground has 20 square gravel areas set aside for tents, two 
showers, restrooms, covered sitting areas, picnic tables, and barbecue pits. The bathing areas 
would be in need of repair and renovation, in anticipation of more guests. 
The northern 
entrance of Las 
Perdices trail can be 
accessed by its northern 
entrance 0.8 miles 
down the paved road 
PR-621 from the 
campsite. Las Perdices 
trail runs completely 
through the eastern 
portion of the drainage 
area. Approximately 0.5 
miles along Las 
Perdices trail from the 
road, the path comes to 
a fork. Choosing to go 
right will bring visitors 
past regions of bamboo 
growth, a stream, and 
ultimately to the 
limestone Mendez 
Cave. By going left, 
hikers will travel directly past Las Perdices Wetland of the drainage area. The drainage area was 
defined due to the unique karst topography the kidney-shaped ring of mogotes (haystack-shaped 
hills) forms a natural bowl in the geography. The result of this is the collection of all rainfall in 
the ring flowing to the lowest elevation; hence the existence of the wetlands.  
 As part of the DNER’s overall management plan for the area, this study is also presented 
in the form of a management plan. There are 2 main parts of the plan: The Points of Interest and 
the Recommendations.  
 
Part I  
Part I of the management plan encompasses 27 Points of Interest. This section will 
present what our group felt were locations of particular significance that deserved further 
evaluation and consideration. The general description of each point, as well as photographs of it, 
will give an explanation as to why it was considered a point of interest. As described in the 
Methodology, flora and fauna censuses were conducted at each location. The comprehensive 
inventory of all vegetation and wildlife found in Las Perdices can be found in APPENDIX B and 
APPENDIX C, respectively. Some fauna censuses recorded low activity levels due to the time of 
 
Figure 21: Map of our project investigation area 
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the day. Wetland birds are most active before 10:00am, so censuses taken later in the day 
generally recorded lower activity levels, and may not be representative of the true fauna density. 
Since the area we focused on was small and many census results overlapped from point to point, 
only distinctive flora and fauna observations are presented in this section. Each species has listed 
both its common and scientific names, when available. For species we were unsure of, or genii 
with multiple species present, the abbreviation sp. follows the genus name.  
The first page of Part I contains a map of the locations of all points of interest. It is 
apparent from the figure that the majority of points of interest are located in the eastern portion 
of the drainage area. This is because the existing trail and Las Perdices Wetland create a 
convenient area for further development. In addition, many of the points are located outside of 
the drainage area. Again, this is due to the discovery that a complete analysis of the potential for 
tourism involves consideration of all areas that could be utilized and affected by it. In addition to 
points of interest, certain locations were marked as “Reference Points” on this map for positional 
referencing in the recommendations. 
 
Part II 
Part II of the management plan encompasses 24 specific Recommended Objectives. 
Given the information we have collected, the general nature of our recommendations is to assist 
explorers in learning about and passively enjoying Las Perdices Wetland on their visit to the Río 
Abajo Forest. The recommended assistance comes in the forms of interpretive trails, tour 
pamphlets, rest areas, and observation posts, among others. Our desired goals for the forest are to 
be able to sustain self-guided tours, to attract schools for field trips in order to educate children 
of the importance of forest preservation and eco-friendly habits, and to become a role model for 
other Caribbean forests. Positive changes to the forest that we would like to see are to have a set 
maintenance staff to keep up all visitor areas and trails, to make the public aware of their access 
to this natural beauty; and to make the area accessible and user-friendly to those who would wish 
to visit it.  
All recommendations should all be working towards the same ultimate goal. The specific 
goal of this project was to promote education and recreation in Las Perdices Wetland of Río 
Abajo Forest. The purpose of this plan is to allow visitors to come to the forest and experience 
nature without having the area grow into a highly developed tourist area. Low-impact uses, such 
as hiking, bird watching, and photography, are ideal practices for the forest. In addition to 
excursions, the management plan emphasizes educating the public of local ecosystems, flora, and 
fauna. For the Río Abajo to be a role model for other Caribbean tropical forests, the management 
plan should also advocate environmental safety and alternative energy sources. While opening 
the area to visitors is a key element of the plan, managing the species that inhabit the forest is 
also very important. Two keystone species on the federal endangered list are the Puerto Rican 
parrot and the Cordia bellonis shrub. The recommendations also considers keeping track of rare, 
endangered, native, endemic, and introduced wildlife species to better protect their habitat within 
the forest and wetland. 
Each Recommended Objectives falls under one of three sections of Part II. These sections 
are the three strategies that will be utilized to accomplish the overall goal: Forest and Wetland 
Alterations, Education, and Management Issues. 
 
Section 1 
The first strategy presented is the proposed alterations in the forest and wetland region. 
The implementation of low-impact uses in Las Perdices will serve as a valuable experience for 
those who visit. There are multiple objectives in this strategy, which we recommend the 
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completion of in order to develop the optimal environment for bird watching, wildlife viewing, 
and hiking. We discuss the importance and environmental value of each strategy and the 
considerations that must be taken into account to determine a minimal impact design.   
 A number of objectives focus on the implementation of various large, interpretative 
maps in the forest for visitors to observe upon entrance. The maps would describe points of 
interest such as camping areas, picnicking areas, and the location of trails throughout the forest, 
and help to direct visitors to their desired field of interest.  
Other objectives concentrate on the implementation of various structural features such as 
natural seating, solar panels, benches, picnic tables, directional trail signs, and an observation 
deck extended into the wetland. These structural additions will give the visitor an opportunity to 
enjoy a moment of rest or meditation, have a relaxing lunch, or have the ability to observe 
wetland wildlife. The structural and interpretative additions will magnify the recreational 
opportunities and experiences in the Río Abajo Forest. 
 
Section 2 
 Education is a very important strategy in the Río Abajo Management Plan. It is vital that 
people learn about the need to conserve and protect our environment, whether it is through their 
visit to Río Abajo or through the virtual tour. We have created multiple strategy objectives for 
education both on-site and off-site, which we hope will benefit the forest and spread awareness 
of conservation practices.   
   There are several recommended on-site education strategies such as forest tours, bird 
pamphlets, and a self-guided interpretive tour pamphlet. Through these various education 
strategies, visitors can see first hand the beauty within the forest and the vast array of plant and 
animal species that live here. There are also several off-site recommendations such as brochures 
at tourist sites and a virtual tour for those who do not have access to the forest. These will inform 
those people who may not be able to visit Río Abajo of the exquisiteness found within this 
unique environment. This on- and off-site educational outreach will show people the need for 
natural conservation and wildlife protection. 
 
Section 3 
 Management issues comprise the final strategy. There are two crucial objectives that we 
must recommend in this section: keeping records of vegetation throughout the forest and 
applying for funding. Multiple agencies must be taken into consideration when applying for 
funding, such as the Forest Stewardship Program, Forest Legacy Program, FLEP, and the Energy 
Resource division of the DNER. In order for some of these agencies to provide funding for a 
management plan, the location should be universally accessible and therefore provide an 
opportunity for all to enjoy the Río Abajo Forest. We hope these agencies will be willing to fund 
this project so Río Abajo will serve an area of greater recreational and educational value while 
preserving the state of the forest. 
 
Through these three areas of recommendations it is our hope that Las Perdices Wetland 
can be developed into an educational experience that a visitor will continue to remember. The 
recommendations were developed to help guide the DNER as one possible method to conserve 
the forest while promoting public use. They may be utilized, altered and expanded upon at the 
discretion of the DNER. Hopefully, these recommendations will serve as important building 
blocks and inspiration towards achieving the ultimate vision of creating symbiosis between 
humans and nature. 
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Management Plan for Las Perdices Wetland 
Part II: Points of Interest 
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Figure 22: Las Perdices Trail Map. 
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Point of Interest A  
General Description Photographic Documentation 
A large group of bamboo is present at the entrance of the 
undeveloped trail. This trail will take hikers from the end of 
the María Soto and Igartua trails to the mahoe plantation 
located on Las Perdices trail.  
 
Flora 
  
    Common Name Latin Name 
 Bamboo       Bambusa vulgaris 
 Guaraguao     Guarea guidonea  
 Mahoe             Hibiscus elatus 
 Teak          Tectona grandes 
  
  
Fauna 
Bird Activity 
Low 
Soil and Hydrology 
Pavement   
Soil in surrounding area held together by roots of the 
bamboo trees to prevent erosion in the area 
 
Figure 23: Entrance to Trail 
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Point of Interest B  
General Description Photographic Documentation 
At POI B, a mahoe tree on the side of the path has several 
tree orchids growing on it. These orchids are interesting 
because of their beautiful flower and because they are an 
unusual and rare species. Additionally, at this point there is 
a view of a small wetland. Living in the wetland are the 
white-lipped frog and coquís. From the path, an abundant 
amount of coquís can be heard.  
Flora 
 Common Name Latin Name  
 Ferns 
None  Nephrolepis sp. 
None    Polypodium sp. (various species)      
None  Thelypteris sp. (various species) 
Maiden hair fern       Adiantum sp. (various species) 
 Mahoe    Hibiscus elatus 
 Tree orchid 
 
Fauna 
 Common Name Latin Name 
 Coquí          Euleutherodactylus coqui  
 Pearly eyed thrasher Margarops fuscatu 
 White-lipped frog Leptodactylus albilabris  
 Bird Activity 
  High 
 
Soil and Hydrology 
Soller Clay 
Wetland 
 
 
Figure 24: Rare Orchid 
 
 
Figure 25: Area of POI B 
 
\ 
Figure 26: Trees Around POI B 
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Point of Interest C  
General Description Photographic Documentation 
At POI C exists the rare Piper swartziamum. The Piper 
swartziamum has only been seen in the Río Abajo Forest 
and nowhere else on the island of Puerto Rico, making it 
endemic to the forest. The number of cocoloba trees, which 
have very large, distinguishing leaves, can recognize this 
area. Also, common in this area are the cupey trees, which 
are a great food source for birds in the area. Local birds 
include the Puerto Rican vireo and warblers. 
Flora 
 Common Name Latin Name  
 Cupey            Clusia rosea  
 Higullo          Piper swartziamum 
 Moralon        Coccoloba pubescens 
 Myrtle-of-the-river  Calyptranthes zuzygium 
 None Cordia bellonis 
Fauna 
 Common Name Latin Name 
 Adelaide's warbler Dendroica adelaidae 
 Puerto Rican vireo Vireo latimeri 
 Bird Activity 
  High 
 
Soil and Hydrology 
Soller-Rock outcrop Complex  
Coral and Limestone rocks placed by past inhabitants 
Runoff on side of mogote and trail 
 
Figure 27: Area at POI C 
 
 
Figure 28: Calyptranthes zuzygium 
 
 
Figure 29: Piper swartziamum 
 54
 
Point of Interest D  
General Description Photographic Documentation 
POI D is a great location to sit down on surrounding rocks 
and fallen trees and view the flora and fauna of the forest. 
The area has a high tree density with a variety of birds 
flying in the canopy. There is also a high population of the 
small Puerto Rican tody. The bird is easy to see flying on 
the under story of the forest. 
Flora 
 Common Name  Latin Name 
 Strangler fig Ficus trigonata 
 Ceboruquillo Thounia striata 
 Cucubano Guettarda scabra 
 None Trophis racemosa 
  
 
Fauna 
 Common Name Latin Name 
 Puerto Rican tody Todus mexicanus 
 Bird Activity 
  High 
 
Soil and Hydrology 
• Soller-Rock outcrop Complex  
• Runoff  
• Errosion 
 
Figure 30: Forest Understory at POI D 
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Point of Interest E  
General Description Photographic Documentation 
At POI E, there is an old mahoe plantation. This plantation 
has a different under story from the rest of the forest, which 
is drastically portrayed by the vegetation on the mogote 
located at the edge of the plantation. The mahoe trees let 
very little sunlight through the canopy and thus allows for 
sparse vegetation on the floor of the forest. In contrast the 
mogote has shorter trees and abundant vegetation on the 
forest floor. 
Flora 
 Common Name Latin Name  
 Mahoe trees    Hibiscus elatus 
Fauna 
Bird Activity 
High 
 
Soil and Hydrology 
Soller Clay 
• Drastic descent of slope 
• Rapid Runoff 
Decreasing slope directs runoff into Las Perdices 
Wetland and the nearby sink-hole 
 
Figure 31: Mahoe Plantation 
 
 
Figure 32:  Mogote Next to Mahoe Plantation 
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Point of Interest F  
General Description Photographic Documentation 
POI F has a high bird density. The small opening of trees 
allows for various species of birds to be seen flying across 
the wetland, traveling from tree to tree. On moist days, the 
coquís’ call is distinct and can be heard frequently 
throughout the day at the wetland. Looking across Las 
Perdices to the top of the mogote, the rare violeta tree can 
clearly be seen. Although the violeta has been taken off the 
federal endangered species list, it still has critical status. 
Flora 
 Common Name Latin Name 
 Violeta                        Polygala cowellii 
Fauna 
 Common Name Latin Name 
 Bullfrog             Rana catesbiana 
 Hummingbirds Various Species 
 Ruddy quail-dove   Geotrygon montana 
  
 Bird Activity 
  High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Poor Drainage in this area 
Water runs from the mogotes into the wetland 
• This specific site is bordered by the wetland 
 
 
Figure 33: View from Point of Interest F 
 
 
Figure 34: Violeta on top of Mogote 
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Point of Interest G  
General Description Photographic Documentation 
POI G has an opening of trees allowing for an ideal view of 
the wetland. The open area enables hikers to observe the 
different types of flora that is present throughout the 
wetland. Dragonflies, butterflies and various species of birds 
can frequently be seen here. Moorhens and water rats have 
been seen from this point. A unique feature of this POI is 
that the Cordia bellonis, an endangered plant, is growing on 
the neighboring mogote.   
 
Flora 
 Common Name Latin Name            
 Vanilla orchid    Vanilla poitaei 
 None Cordia bellonis 
Fauna 
 Common Name Latin Name 
 Butterflies Various species   
 Moorhen Gallinula chloropus 
 Water rat Not Available   
 Bird Activity 
High 
 
Soil and Hydrology 
Soller-Rock outcrop Complex 
High water permeability on shoreline leaving soil very 
moist and muddy. 
Specific site borders the wetland.  
 
 
Figure 35: View from POI G 
 
 
Figure 36: Vanilla Orchid 
 
 
Figure 37: Cordia bellonis 
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Point of Interest H  
General Description Photographic Documentation 
This POI overlooks still water that is an extension of the 
wetland. This area is lacking some of the wetland plants that 
dominate the area in POIs F and G. It is still classified as 
part of the wetland because of the presence of certain 
vegetation such as ferns and royal palms. At this point, a 
very interesting symbiotic relationship is seen with the 
growth of moss on many of the royal palm. The relationship 
consists of the palms providing a place for the moss to 
inhabit and grow while the moss in turn provides nutrients 
to the royal palms. 
Flora 
 Common Name Latin Name  
 Moralon                   Coccoloba pubescens 
 Royal palm              Roystonea borinquena 
              Quina                       Antirhea sintenisii 
  
Fauna 
Bird Activity 
High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
Specific site borders the wetland.  
 
Figure 38: View From POI H 
 
 
Figure 39: Moralon Leaves 
 
 
Figure 40: Symbiotic Relationship: Palm and Moss 
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Point of Interest I  
General Description Photographic Documentation 
Just past the wetland and slightly up the mogote lays POI I. 
At this POI, there are three species of rare and endangered 
plants— Calyptranthes estremerae, Daphnopis helleriana, 
and Ottoschulzia rhodoxylon. This area is very calm and 
soothing with the sun descending on the path and the songs 
of the birds in the distance. Also located in this area are 
small caves that are fascinating to look into. 
Flora 
 Common Name Latin Name 
 Palo de rosa Ottoschulzia rhodoxylon 
              None Daphnopis helleriana 
 None Calyptranthes estremerae 
 
Fauna 
     Common Name  Latin Name 
 Pearly-eyed thrasher  Margarops fuscatus 
 Bird Density 
  Medium 
Soil and Hydrology 
Soller-Rock outcrop Complex 
Small wading pool/pond is visible 
 
 
Figure 41: Daphnosis helleriana 
 
 
Figure 42: Calyptranthes estremerae 
 
 
Figure 43: Ottoschulzia rhodoxylon (Palo de Rosa) 
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Point of Interest J  
General Description Photographic Documentation 
On the edge of the wetland, there is a small pool. This body 
of water is a POI because the surrounding soil is not muddy, 
allowing one to get up close to the water without much 
difficulty. This body of water is clear and deep with a 
variety of species living in it, such as tadpoles. It is very 
extraordinary to be able to see all of the activity happening 
within this water at such closeness without disturbing the 
ecosystems. Moorhens have been seen at POI J on several 
occasions. Also, close to this area are entrances to 
freshwater crab burrows. 
Flora 
 Common Name  Latin Name  
 Fern  Acrostichum danaeifolium 
 Royal palms Roystonea borinquena 
Fauna 
 Common Name  Latin Name 
 Fish  Various Species 
 Freshwater crab  Various Species 
 Tadpoles Various Species 
 Moorhen Gallinula chloropus 
 Bird Density 
  Medium 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Very moist soil 
Small wading pool/ pond area present, which an 
extension of the wetland. Thick vegetation is in the 
surrounding area.  
 
Figure 44: Pool Area 
 
 
Figure 45: Pool Area Vegetation 
 
 
Figure 46: Crab Burrow Entrance 
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Point of Interest K  
General Description Photographic Documentation 
POI K overlooks Las Perdices Wetland from the north. This 
point is situated on a mogote creating an aerial view of Las 
Perdices. In this area, there is a high bird density and an 
abundant lizard population. Besides providing an ideal view 
of the wetland at this POI has a large variety of flora 
present. For a complete list of the flora at this point, see 
Appendix B. There is an abundance of fallen maria trees, 
which are native to the area. This fact is worth noting 
because it depicts how the soil in this area is relatively 
shallow and bigger trees are prone to fall when stressed by 
environmental factors such as wind. 
Flora 
 Common Name Latin Name 
 Ceberroquillo  Thounia striata 
 Maria trees     Calophyllum calaba            
 Palo de pollo  Dendropanox arboreus  
 Royal palms Roystonea borinquena 
   
 
Fauna 
Bird Density 
High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Limestone rock covered by a thick layer of leaf 
litter and humus soil caused by runoff from mogote 
Overlooks wetland 
Rapid runoff from the mogote  
 
 
Figure 47: View from POI K 
 
 
Figure 48: Fallen Maria Trees and Standing Ceborruquillo 
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Point of Interest L  
General Description Photographic Documentation 
POI L is distinctive in the fact that there is a large, prevalent 
sinkhole off the side of the path. From the path, it is easy to 
see the forest floor and canopy at the same time, creating an 
ideal location for bird watching. On the forest floor there are 
fallen trees, further portraying how exotic trees do not have 
the right adaptations to survive the extreme weather 
conditions of Puerto Rico. An interesting focal point at POI 
L is how the trees on the mogote have developed the ability 
to grow on top of rocks. Throughout time, their root systems 
have evolved, allowing the roots to anchor to the rocks and 
grow to the forest floor, enabling them to absorb water, 
nutrients and minerals.  
Flora 
 Common Name Latin Name 
 Banana plants  Musa sp. 
 Guaraguao             Guarea guidonea 
Fauna 
Bird Density 
High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Drastically increasing slope area.   
• Very moist soil 
Very moist area, it is part of drainage to the wetland. 
 
Figure 49: View of Path at POI L 
 
 
Figure 50: View Down Into Sinkhole 
 
 
Figure 51: Trees Growing on Limestone Rocks 
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Point of Interest M  
General Description Photographic Documentation 
POI M has a variety of distinctive qualities. There is a lot of 
plant vegetation that supplies food to many of the birds in 
the forest. The trumpet tree is an important feature of POI 
M. The seeds of the trumpet trees are an important food 
source for bats and seed eating birds. In addition, the 
trumpet tree is a pioneer species that grows rapidly to the 
top of the forest canopy while still allowing light to filter 
down to the forest floor. Because light still reaches the floor, 
slower growing hard wood trees can begin to grow; these 
hard wood trees will eventually replace the trumpet trees 
after they die. Furthermore, this site has many ornamental 
plants in the area. The presence of ornamental plants is an 
indication that there was once a house in the area.  
Flora 
 Common Name Latin Name  
 Ginger               Zingiber zerumbet  
             Lirio                       Crinum zeylanicum 
 Trumpet tree          Cecropia peltata    
 Sierra palm             Prestoa montana                   
Fauna 
Bird Density 
High 
 
Soil and Hydrology 
Soller-Rock outcrop Complex  
• Increasing slope, which is characteristic of the 
Soller-Rock outcrop Complex 
Elevated point, possible run off from mogote  
 
Figure 52: Cecropia Leaves 
 
 
Figure 53:Lirio (Ornamental Plant) 
 
 
Figure 54: Ginger (Ornamental Plant) 
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Point of Interest N  
General Description Photographic Documentation 
The under story of POI N contains a plethora of exotic 
philodendrons. These philodendrons are an ideal example of 
how introduced species can occupy a large amount of the 
forest, which would normally be home to the native species 
of Puerto Rico. There is also a fallen casuarina tree. These 
trees are an introduced species to the forest, and do not have 
any adaptations for surviving the violent winds and storms 
that occur within Puerto Rico. Because of this lack of 
adaptation, these trees do not survive very well in the forest 
and will often tip. The fallen casuarina at this point is a good 
demonstration of how decomposition works within the 
forest, as there is a termite nest. 
 
Flora 
 Common Name Latin Name  
 Casuarina Casuarina equisetifolia 
 Ceberroquillo Thounia striata  
 Cupey Clusia rosea 
 Philodendron          Philodendron hederaceum        
 
Fauna 
Bird Density 
High 
 
Soil and Hydrology 
 Soller-Rock outcrop Complex 
No hydrology 
 
 
Figure 55: Fallen Casuarina 
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Point of Interest O  
General Description Photographic Documentation 
POI O has clusters of bamboo. Bamboo was introduced into 
the Río Abajo in attempt to prevent erosion. An important 
fact about the bamboo is that as the stalks die and fall onto 
the forest floor, they decompose and release toxins, 
hindering the growth of other plant species and creating an 
open floor area in comparison to the rest of the region. In 
addition, during the decomposing process, new bamboo 
stalks germinate at each of the nodes of the fallen bamboo; 
this broadens the area of the forest that the bamboo occupies 
and takes away from the area in which the native species 
can grow.  
Flora 
 Common Name Latin Name  
 Bamboo                  Bambusa vulgaris 
 
Fauna 
 Common Name Latin Name 
 Puerto Rican emerald Chlorostilbon maugaeus 
 Bananaquit Coereba flaveola 
  Puerto Rican lizard-cuckoo Saurothera vieilloti 
 Bird Density 
  High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Moderate permeability and low water capacity 
• Layer of orange clay complex present- very slippery 
• Trees can grow much larger on the sinkhole side 
because of the alluvial soil present. 
Run off from mogote: path can become flooded during wet 
times. 
 
 
Figure 56: View of POI O 
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Point of Interest P  
General Description Photographic Documentation 
The Mendez Cave is located at POI P. There is an open area 
with cut logs that can be used as natural benches; they 
supply a place to rest ones feet and eat a snack. While there 
is an extensive forest canopy at this point, there is little 
vegetation on the forest floor, allowing one to see a greater 
area of the forest. Hummingbirds are common in this area 
and are frequently seen flying from tree to tree, such as the 
green mango. In addition, a small stream flows through this 
POI, which adds to the tranquility of the area. 
Flora 
 Common Name Latin Name  
 Ferns Various Species 
 Mahoe Hibiscus elatus 
 Sierra palm Prestoa montana 
  
Fauna 
  
 Common Name Latin Name              
 Green mango Anthracothorax viridis  
 Bats      Not Available   
 Bird Density 
                      High 
                      
Soil and Hydrology 
Soller-Rock outcrop Complex  
Creek running through the inside of cave 
 
 
Figure 57: Entrance to Mendez Cave 
 
 
Figure 58: Inside the Cave 
 
 
Figure 59: Stream 
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Point of Interest Q  
General Description Photographic Documentation 
POI Q has clusters of bamboo. These clusters have cleared 
less of the forest floor, and more species that are native 
grow around the base of these plants. One of the other 
species that is present at POI Q is a kind of terciopelo. This 
small plant is an important food source for the birds of the 
forest and has unique venation patterns on its leaves. A 
termite nest is present at this point. Termites play a very 
important part in the nutrient cycle within the forest by 
decomposing dead wood. This decomposition replenishes 
nutrients and minerals into the soil. 
Flora 
 Common Name Latin Name  
 Casuarina            Casuarina equisetifolia     
 Cupey tree                   Clusia rosea                
             Spanish cedar tree     Cedrela odorata 
 Terciopelo           Clidemia strigillosa  
Fauna 
 Common Name Latin Name 
 Bananaquit Coereba flaveola  
 Puerto Rican emerald Chlorostilbon maugaeus 
 Puerto Rican lizard-cuckoo Saurothera vieilloti 
 Termites  Nasutitermes costalis 
 Bird Activity 
  High 
 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Moderate permeability and low water capacity 
• Layer of orange clay complex present: very slippery 
• Trees can grow much larger on the sinkhole side 
because of the alluvial soil present. 
Run off from mogote: path can become flooded during wet 
times. 
 
Figure 60:  Point of Interest Q 
 
 
Figure 61: Terciopelo 
 
 
Figure 62: Termite Nest 
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Point of Interest R  
General Description Photographic Documentation 
POI R has a mogote on one side of the path and a sinkhole 
on the other. The mogote has smaller trees and a lot of 
foliage, in contrast to the sink hole which has a lot of tall 
trees and very little understory growth. The teak and mahoe 
trees are part of a plantation; mahoe and teak once were 
primary wood products in Puerto Rico. The sierra palms 
supply fruit for many species of birds, one in particular is 
the Puerto Rican parrot. The bats of the area feed off the 
fruits of the moca trees. On the path, limestone rocks were 
strategically fitted together, showing remains of what was 
once a civilized area. This limestone path allowed for an 
easier walk and cart transportation. Another aspect of this 
path is that it holds topsoil together during the wet seasons 
to prevent erosion of roads and paths. 
Flora 
 Sinkhole 
  Common Name Latin Name 
  Mahoe trees Hibiscus elatus 
  Moca tree                  Andira inermis              
  Teak trees   Tectona grandes 
 Mogote 
  Common Name Latin Name 
  Maria trees                Calophyllum calaba 
  Sierra palm  Prestoa montana 
Fauna 
 Common Name Latin Name 
 Black-whiskered vireo Vireo altiloquus  
 Puerto Rican tody Todus mexicanus 
 Yellow-faced grassquit Tiaris olivacea 
 Bird Density 
  High 
 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Mogote Side: This side of the trail has a much 
rockier terrain making it difficult for large trees to 
grow. There is much more small vegetation present 
in this area. 
• Sinkhole Side: Alluvial Soil is present on this side 
of trail allowing larger trees to grow 
Rapid water runoff from mogote into sinkhole  
 
Figure 63: Moca Tree 
 
 
Figure 64:  Sierra Palm 
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Point of Interest S  
General Description Photographic Documentation 
At POI S, an open shaded area gives a view of the forest 
canopy and a group of Psychotria sp. plants. This area has a 
high bird density and the great view of the canopy allows 
for an ideal spot for spotting birds such as one of the 
perdices of Puerto Rico. This ruddy quail-dove is the perdiz 
that Las Perdices Wetland has been named after. 
Flora 
 Common Name Latin Name  
 Bamboo                      Bambusa vulgaris 
 Cachimbo                   Psychotria sp. 
 Maga tree                  Thespesia grandifolia 
Fauna 
 Common Name Latin Name   
 Ruddy quail-dove  Geotrygon montana 
 Bird Density 
 High 
Soil and Hydrology 
Soller Clay 
• Orange Clay is present: very slippery 
Little Hydrology Present 
 
 
 
Figure 65: Area Around POI S 
 
 
Figure 66: Psychotria sp. 
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Point of Interest T  
General Description Photographic Documentation 
There are many focal points at POI T. A large orchid is 
growing on a teak tree. When orchids bloom, it is an 
amazing sight and is something that should not be missed 
while hiking throughout the Río Abajo . Another interesting 
species in this area is a unique yellow fungus growing along 
the sides of the path. In addition, this area has heavy erosion 
along the sides of the path due to water flow down the 
mogote during heavy rains. 
Flora 
 Common Name Latin Name 
 Orchid                      Oncidium altissimum 
 Yellow fungus Unknown 
Fauna 
            Bird Density 
  Medium 
Soil and Hydrology 
Soller Clay 
Major runoff location causing erosion. The erosion runs 
down the side of the trail. 
 
 
 
 
Figure 67: Orchid 
 
 
Figure 68: Yellow Fungi 
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Point of Interest U  
General Description Photographic Documentation 
At POI U there is a great deal of erosion present.  Due to 
this great amount of erosion a manmade bridge has been 
built to enable hikers to cross. This point is a great 
illustration of how water flow from rains can cause massive 
amounts of erosion and how drastically it can affect the 
landscape and flora of an area. Also in this area, there are 
several tree ferns visible. It is a good idea to point out these 
tree ferns because many tourists may be under the 
assumption that ferns do not grow as trees but solely as 
ferns growing low on the floor. 
Flora 
 Common Name Latin Name  
 Casuarina Casuarina equisetifolia 
 Guaraguao Guarea guidonea  
 Mahoe Hibiscus elatus 
 Maria tree Calophyllum calaba 
 Teak Tectona grandes 
 Tree fern                 Cythae arborea 
  
  
Fauna 
            Bird Density 
Medium 
Soil and Hydrology 
Soller Clay 
• Orange clay: very slippery 
Creek collects runoff, erosion everywhere, sedimentation 
across bridge, many puddles in area because of the runoff 
 
 
 
Figure 69: Bridge 
 
 
Figure 70: Erosion of the Area 
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Point of Interest V  
General Description Photographic Documentation 
There are several different aspects at this POI that should be 
witnessed. The unique aspect of this point is that it is 
located directly behind the Dr. José Vivaldi Aviary for the 
endangered Puerto Rican parrots.  This allows for the 
parrots to be heard from the trail. This point is the only 
location on this trail where it is possible to hear the birds’ 
songs. Also, the white lipped frog has been known to 
reproduce here. This frog’s method for reproduction is 
unique and consists of the frog creating a foamy substance 
near but not in the water. The tadpoles hatch in the 
substance, migrate to the nearest water collection, and in 
turn undergo metamorphosis. At this particular point, the 
white lipped frog tadpoles had hatched on the path and were 
undergoing metamorphosis in a nearby puddle. Another 
focal point of this area is bamboo that has been planted to 
help prevent erosion of the trail. The bamboo has prevented 
erosion and this is a great illustration of how it can be used 
to help the forest. 
Flora 
 Common Name Latin Name  
 Mahoe Hibiscus elatus             
 Teak                            Tectona grandes       
 Yam plant              Dioscorea cayennensis         
               
Fauna 
 Common Name Latin Name 
 Puerto Rican parrot Amazona vittata 
 Bird Density 
  High 
Soil and Hydrology 
Soller-Rock outcrop Complex 
• Very muddy 
Puddles present, runoff, bamboo prevents erosion near this 
point. 
 
Figure 71: Tree Fern 
 
 
Figure 72: White Lipped Frog Tadpoles 
 
 
Figure 73: Bamboo Preventing Erosion 
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Point of Interest W  
General Description Photographic Documentation 
POI W is located at the bottom of a very tall cliff. Here a 
high bird density cannot only be heard but seen as well, 
providing a great spot for bird watching. The flora of this 
area has three different species of palms, allowing one to 
compare and contrast how palms can vary so greatly. In 
addition, a stream can be heard in the distance, during a 
rainy period the noise the stream produces will be more 
prevalent then during dryer seasons. 
Flora 
  
 
 Common Name Latin Name 
 Fan palm                    Coccothrinax alta  
 Royal palm                Roystonea boriquena  
 Sierra palm Prestoa montana 
  
  
Fauna 
 Common Name Latin Name 
 Puerto Rican vireo Vireo latimeri 
 Bird Density  
  High 
  
Soil and Hydrology 
Soller-Rock outcrop Complex 
Runoff from mogote into sinkhole where there is a stream 
present. The stream is not visible from this point but it can 
be heard. 
 
 
Figure 74:  Fan Palm 
 
 
Figure 75: Sierra Palm 
 
 
Figure 76: Royal Palm 
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Point of Interest X  
General Description Photographic Documentation 
Located at POI X is another small wetland. The wetland 
although smaller than Las Perdices is very beautiful and has 
a lot of attributes that are noteworthy. One of the advantages 
to this wetland is that there is not a large tree density 
blocking the view from the path into the wetland allowing 
for the entire wetland to be seen and the forest that 
surrounds it. This arrangement of flora is ideal for bird 
watching because one can actually see birds close up and 
observe a bird’s flight over the wetland. This is important 
because sometimes it is hard to distinguish a bird until you 
see its flight patterns. There is also interesting fauna to be 
seen in this area, one being the maga tree, this tree’s flower 
is Puerto Rico’s national flower. Here the maga tree itself 
can be seen along with its seeds and flowers, which fall onto 
the trail allowing a closer look for hikers. 
Flora 
 
 
 Common Name Latin Name 
 African tulip tree      Spathodea campanulata      
 Guaraguao  Guarea guidonea 
 Helicona              Heliconia caribaea 
 Maga tree       Thespesia grandifolia 
 Royal palms Roystonea borinquena 
  
 
Fauna 
 Bird Density 
  High 
Soil and Hydrology 
Soller Clay   
• Very mucky: moderate permeability to water 
wetland area, running water on edge of wetland, lots of 
erosion 
 
Figure 77: Wetland, Guaraguao in Background 
 
 
Figure 78: Heliconia Flower 
 
 
Figure 79: Maga, National Flower 
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Point of Interest Y  
General Description Photographic Documentation 
At this point visitors can truly appreciate the significance of 
the name “Río Abajo.” Here, the drainage river that the 
María Soto trail follows distinctly turns from an above 
ground river to an underground one, thus the area’s 
namesake, Río Abajo (River Below). Along the edge of the 
trail are large, up to 2½-foot diameter, mahogany trees.  
These trees were introduced to the area for timbering. 
Another feature to this area is that a number of common 
birds are likely to be heard and seen singing in this area.  
 
Flora 
 Common Name Latin Name  
 Bamboo Bambusa vulgaris 
 Mahogany                 Swietenia macrophylla 
  
 
Fauna 
Bird Density 
High 
Soil and Hydrology 
Soller Clay 
View of the river as it goes below ground; some runoff 
along edge of trail causing erosion 
 
 
Figure 80: Path Along POI Y 
 
Figure 81: Stream that Travels Above and Underground 
 
 
Figure 82: Bromeliad 
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Point of Interest Z  
General Description Photographic Documentation 
This POI actually stretches around the curve of a large 
sinkhole. One end of the stretch gives an elevated view over 
the sinkhole; this is a great spot for bird watching, because 
one can clearly see the birds flying just below the canopy. 
Two of the common birds heard in the area are the Puerto 
Rican bullfinch and the Puerto Rican vireo. At the other end 
of this stretch there are several espino rubial trees, which are 
peculiar plants with ½-inch diameter sharp thorns all around 
the trunks of the tree. This part of the stretch gives a great 
view of the sinkhole below as well as a clear view to the top 
of the adjacent mogote.  
Flora 
 Common Name Latin Name 
 Espino rubial          Zanthoxyllum martinicensis
 Guaraguao              Guarea guidonea 
 Mahogany              Swietenia macrophylla 
  
 
Fauna 
 Common Name Latin Name 
 Puerto Rican bullfinch Loxigilla portoricensis
 Puerto Rican vireo Vireo altiloquus 
Soil and Hydrology 
Soller-Rock outcrop Complex 
Runoff along the trail 
 
 
Figure 83: Path along Sinkhole 
 
 
Figure 84: View from Sinkhole Mahogany Trees 
 
 
Figure 85: Trunk of the Espino rubial 
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Point of Interest AA  
General Description Photographic Documentation 
This POI overlooks a flood plain. This flood plain has a 
small stream running through it.  During heavy rains and the 
Río Abajo’s wet season the plain will flood. Several 
freshwater shrimp inhabit this stream. In addition, at this 
POI there is a manaca palm plantation. These palms have 
been placed on the federal endangered species list and in 
efforts to reestablish the palms' existence, the DNER has 
created three manaca plantations within the Río Abajo 
Forest. The manaca palms require a large quantity of water, 
and therefore usually grow in areas of vast amounts of 
water, such as this flood plain.  
 
Flora 
 Common Name Latin Name 
 Brucayo gigante   Erythrina poeppigiana  
 Manaca palm       Calyptronoma rivalis 
 Tabaiba                Sapium laurocerasum 
Fauna 
 Bird Activity 
  High 
Soil and Hydrology 
Soller-rock outcrop Complex 
Wetland area fed by a runoff river, which creates erosion 
along trail  
• Runoff goes into floodplain along the trailside 
 
Figure 86: Path at the Manaca Palms Plantation 
 
 
Figure 87: Endangered Manaca Palm 
 
 
Figure 88: Manaca Palm Plantation 
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Management Plan for Las Perdices Wetland 
Part III: Recommendations 
Section 1: Forest and Wetland Alterations 
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Figure 89: Las Perdices Trail Map. 
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RECOMMENDED OBJECTIVE 1: 
Create a kiosk that encompasses a large map 
and general information of the area at the 
picnic site of María Soto Campground. The 
map shown here is an example from 
Cambalache Forest to consider following. 
 
 
Figure 90: Diagram of Kiosk and Sign Example 
LOCATION 
• Reference Point 6 
 
Figure 91: Location of Future Sign at Maria Soto 
DISCUSSION 
Since María Soto is the center of this region of the forest and contains visitor parking, we 
recommend creating a sign with a map of the entire hiking area. This sign should be large and 
similar to the one at the entrance to the Cambalache forest trail, showing the paths available 
and Points of Interest. The purpose of the kiosk is to protect the sign from weather damage and 
provide a sheltered area for the map viewers. 
ACTIVITIES REQUIRED 
• Obtain sign material and design 
o Use forest wood 
• Design map of area encompassing all sections and trails of the forest open to the public 
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RECOMMENDED OBJECTIVE 2: 
Create a small reference map that describes 
and introduces the area and path to come. 
These maps should be smaller and contain 
less overall information, more specific 
information, than the María Soto map. 
 
 
Figure 92: Cambalache Reference Map 
LOCATION 
• Reference Point 3 
• Point of Interest A 
• Point of Interest S 
 
 
Figure 93: Entrance to Maria Soto Trail 
DISCUSSION 
These sites should have informational trail signs, as they are located at areas where trail 
directions could be confusing. They should have a map of the area, including “You Are Here” 
locators. 
ACTIVITIES REQUIRED 
• Obtain sign material and design 
o Use forest wood 
• Insert map of area 
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RECOMMENDED OBJECTIVE 3: 
Implement simple directional arrow signs at 
each fork within the trails, and between trails. 
This is an example from a US forest in the 
Midwest that may be followed. 
 
 
Figure 94: Examples of Directional Signs 
LOCATION 
• Point of Interest E 
• Point of Interest I 
• Reference Point 2 
• Reference Point 3 
• Reference Point 4 
 
Figure 95:  Reference Point 2 
DISCUSSION 
These signs label the names of trails and offer directional guidance to hikers at possible points 
of confusion. 
ACTIVITIES REQUIRED 
• Obtain sign material and design 
o Use forest wood 
o Know the names of trails 
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RECOMMENDED OBJECTIVE 4: 
 Construct a two-ledger bent or a floating trail 
at the Cordia bellonis site. Shown here is an 
example of a two-ledger bent from Las 
Cabezas.  
 
Figure 96: Wooden Walkway at Las Cabezas 
LOCATION 
• Point of Interest G 
 
Figure 97:  Las Perdices Wetland 
DISCUSSION 
This area is already clear, and gives a slightly elevated view from the edge of the wetland. The 
deck can extend about 5-10 meters into the wetland, giving the viewer a panoramic view of the 
wildlife. One side of the walkway to the deck could have a railing and the other a long, simple 
bench. Consider the structure of the water walkway and observation patio at Las Cabezas de 
San Juan Reserve and determine the applicability to Las Perdices. Another alternative is the 
floating trail design that will extend from the shoreline will be anchored at the end of the trail. 
The wetland flora requires sunlight to survive, so walkway and deck design will need to 
incorporate space for rays to pass through. 
ACTIVITIES REQUIRED 
• Conduct a feasibility study to be sure this kind of structure and construction is 
appropriate for the wildlife and area 
• Refer to Wetland Trail Design and Construction (Steinholtz, 2001) 
• Obtain materials 
o Use forest wood 
o Water treat the materials 
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RECOMMENDED OBJECTIVE 5: 
Minimize obstructive vegetation to create a 
trail from the paved road to the mahoe 
plantation on Las Perdices trail. The 
undeveloped trail. 
 
Figure 98: View at the Undeveloped Trail 
LOCATION 
• Points of Interest A through E 
• Also seen as the red trail on the GIS 
map preceding this section 
 
Figure 99: Map of Undeveloped Trail 
DISCUSSION 
The creation of this trail will allow hikers to park at María Soto and allow a more direct hike 
from María Soto to Las Perdices. The path creates a loop for hikers so they can see new Points 
of Interest instead of repeating the same trail. It also creates easy access from María Soto to 
Las Perdices, avoiding excessive walking on a paved road. The path contains a unique area 
composed of a wide variety of native karst species. We are suggesting this path because at one 
time there was a trail present in this location, therefore minimal clearing will be necessary. 
ACTIVITIES REQUIRED 
• Give DNER map of desired trail area for vegetation control 
o Analyze area to find and transplant endangered and rare flora 
o Remove hazardous plants 
• Widen and level trail to make walking area reasonably safe for hikers 
• Create small wooden bridges to go over streams 
o Design – consult Wetland Trail Design and Construction (Steinholtz, 2001) 
manual 
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RECOMMENDED OBJECTIVE 6: 
Build and place benches at the following 
locations for visitors to rest. 
Figure 100: Bench 
LOCATION 
• Point of Interest I 
• Point of Interest L 
• Point of Interest W 
Figure 101: Potential Bench Location, POI L 
DISCUSSION 
These locations are good points for resting, viewing the area and wildlife, as well as enjoying a 
moment of tranquility in the shade. It is necessary to consider bench size, style and placement. 
ACTIVITIES REQUIRED 
• Bench design from Wetland Trail Design and Construction (Steinholtz, 2001) manual 
• DNER employees to collect timber from forest 
• DNER employees to create benches at DNER sawmill 
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RECOMMENDED OBJECTIVE 7: 
Create a natural amphitheatre at the bamboo 
location. 
 
 
Figure 102: Natural Amphitheatre Diagram 
 
LOCATION 
• Point of Interest O 
 
Figure 103: POI O, Possible Location of Natural 
Amphitheatre  
DISCUSSION 
We think this area would be ideal for educational talks on tours. The bamboo creates an open 
forest floor due to the toxins released when the stalks fall to the ground; therefore, minimal 
clearing will be necessary for use, saving time, expense and manual labor. 
ACTIVITIES REQUIRED 
• Create natural seating out of logs  
o Place in a semi-circle for discussions 
• Maintain fallen bamboo stalks 
• Implement drainage system as necessary depending on location 
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RECOMMENDED OBJECTIVE 8: 
Build and place picnic tables at these 
locations for visitors to enjoy a light meal. 
Figure 104: Example of Picnic Table 
LOCATION 
• Point of Interest E 
• Point of Interest S 
 
Figure 105: Possible Picnic Area, POI S 
DISCUSSION 
These areas have flat topography and are open with little ground vegetation, making them 
optimal picnicking areas. Placement of picnic tables here will cause minimum destruction to 
the area. The size, style and placement must be considered prior to implementation. There will 
be no trash cans present at these sights to reduce the maintenance and impact at these 
locations.  
ACTIVITIES REQUIRED 
• Clear out fallen and rotting bamboo 
• Build picnic tables out of Río Abajo wood using DNER sawmill 
• Upkeep/maintenance of picnic areas to sustain cleanliness 
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RECOMMENDED OBJECTIVE 9: 
Install solar panels for electricity. 
 
Figure 106: Solar Panels at Visitor Center of Cabo Rojo 
LOCATION 
• Visitor Center 
• María Soto Campground 
 
Figure 107: Maria Soto Restrooms, Possible Location of 
Solar Panels 
DISCUSSION 
Solar power provides a renewable energy source that will save money over time. The system 
will be educational to visitors for alternative energy sources. It will be important to consider 
the projected carrying capacity when determining the amount of energy required. 
ACTIVITIES REQUIRED 
• Conduct feasibility study to assess the needs of each building 
o DNER Energy Resource Division employee  
o See Recommended Objective 22 
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RECOMMENDED OBJECTIVE 10: 
Build and place simple wooden signs at 
designated Points of Interest with the name 
and symbol of the point, which will coincide 
with the Recommended Objective 11 (Visitor 
Pamphlet). 
 
LOCATION 
• Point of Interest E 
• Point of Interest G 
• Point of Interest L 
• Point of Interest P 
• Point of Interest T 
• Point of Interest V 
• Point of Interest Z 
• Point of Interest AA   
Figure 109: POIs that are Ideal for Signs 
DISCUSSION 
These signs will look natural in the area and require less construction along the trails, giving 
the visitor an unaltered tour of the wetland area. Use material that will resist weathering. 
ACTIVITIES REQUIRED 
• Acquire enough material to create eight 6”x12” signs and posts 
o Sealed wood 
• Place in designated locations along trail 
• Maintain visibility of signs 
 
         LAS   PERDII CES   WETLAND   
Figure 108: Sample Sign 
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RECOMMENDED OBJECTIVE 11: 
Extend the area of universal accessibility 
from Visitor Center into the trail behind it, 
and up to the picnic pavilion.  
 
Figure 110: Handicapped Accessible Symbol 
LOCATION 
• Visitor Center  
Figure 111: Visitor Center's Picnic Pavilion 
DISCUSSION 
It is necessary to give all people the opportunity to visit the Río Abajo and experience the 
beauty of the environment here. This construction could also increase the management plan’s 
funding from government grants. The terrain must be evaluated in order to meet ADA 
(American Disabilities Act) regulations. 
ACTIVITIES REQUIRED 
• Feasibility study 
o Review of ADA regulations 
• Clearing and possible paving of portions of the trail 
• Include in Visitor Center, brochure, and Virtual tour that this area is universally 
accessible 
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RECOMMENDED OBJECTIVE 12: 
Develop a road sign directing incoming traffic 
from PR-621 to the Visitor Center. 
 
Figure 112: Example of Directional Sign 
 
LOCATION 
• Intersection of access road and 
PR-621. 
 
Figure 113: Possible Location of Sign Implementation 
  
DISCUSSION 
The Visitor Center is set far back from the road and incoming visitors can easily drive past the 
center without even knowing it. By creating a sign directing traffic towards the Visitor Center 
people will be likely to stop here first and meet with tour guides, or pick up the interpretive 
pamphlet and bird pamphlet. It will also give those that are unable to physically go through the 
forest a chance to see the Río Abajo on a virtual tour.  
ACTIVITIES REQUIRED 
• Creation of large directional sign with wood from the forest. 
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Management Plan for Las Perdices Wetland 
Part III: Recommendations 
Section 2: Education 
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RECOMMENDED OBJECTIVE 13 : 
Develop wildlife educational signs to be 
placed on structures that have been 
recommended (benches, deck/floating trail) 
and at other appropriate sites along trails 
(endangered species sites, common birding 
areas). Shown here is a similar example from 
Las Cabezas de San Juan. 
 
Figure 114: Educational Sign on Structure 
LOCATION 
• most points of interest 
 
Figure 115: Millipede 
DISCUSSION 
While the interpretive signs suggested in Appendix 10 will refer to an informative pamphlet, 
this pamphlet cannot practically contain all of the information about the wildlife species of the 
area. Therefore, we recommend the installation of many signs, which will each have a 
description of a species of flora or fauna. This will allow visitors to learn about the ecosystem 
being observed. 
ACTIVITIES REQUIRED 
• Gather information on the species of flora and fauna that can be found within the 
forest, as well as a picture/drawing of each 
• Contract the design and creation of signs which contain this information 
• Install signs  
o On railings, benches, and other structures (if not: use wooden post) 
o  Put at or near eyelevel 
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RECOMMENDED OBJECTIVE 14: 
Create a self-guided interpretive tour 
pamphlet available at the Visitor Center, 
which coincides with Recommended 
Objective 10 (trail signs). 
 
Figure 116: Example of Self-guided Interpretive Tour 
DISCUSSION 
The brochure should contain a map, visitor guidelines, and wildlife pictures. Having the 
pamphlets located at the Visitor Center will facilitate visitor monitoring, ensuring compliance 
with the site carrying capacity. Listing site information on the pamphlet will make the physical 
signs on the trails less intrusive. It should specifically include pictures of carrasco, tabaiba, and 
ortiga, so that hikers will be aware of these dangerous plants. The pamphlets can also be a 
souvenir for visitors. 
ACTIVITIES REQUIRED 
• Review Points of Interest in Results and put information and description in brochure 
o Leave DNER with a draft of POI 
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RECOMMENDED OBJECTIVE 15: 
Design and staff a two-hour (approximately) 
guided tour of Las Perdices. 
 
Figure 117: Cabo Rojo Guided Tour 
LOCATION 
• Point of Interest A through I, P, and R 
 
Figure 118: Map of Suggested Tour for Río Abajo  
DISCUSSION 
Guided tours should be available by appointment. Starting at María Soto, the tour begins on 
the undeveloped trail to the mahoe plantation, then to Las Perdices trail. On Las Perdices trail, 
the tour should go to POIs G and I. The tour can then go around the wetlands, and later toward 
Mendez Cave. On the way, the tour should stop at the amphitheatre to discuss any topic in 
which the visitors are interested. The tour concludes after POI R, and the group can go back to 
the campground. We recommend a capacity of ten people per tour. Tour guides should use 
their own discretion to point things out along the way. We recommend recruiting members of 
Comunidad Jobos as tour guides because of their proximity and familiarity with the area, and 
to raise community awareness regarding forest conservation. 
ACTIVITIES REQUIRED 
• Hire/volunteer tour guides 
o Preferably from Comunidad Jobos 
• Train tour guides 
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RECOMMENDED OBJECTIVE 16: 
Create a bird pamphlet with a list of wetland 
species. 
 
Figure 119:  Possible Cover for Bird Pamphlet 
DISCUSSION 
This pamphlet can be available at the Visitor Center for hikers to bring along on a tour. The 
pamphlet can have a checklist so that visitors can count the species they observe. 
ACTIVITIES REQUIRED 
• See Appendix E for an example with Río Abajo’s birds from Las Perdices. 
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RECOMMENDED OBJECTIVE 17: 
Create a brochure to be available at hotels for 
tourists. 
 
Figure 120: Possible Brochure for Tourists 
DISCUSSION 
The brochure will make nature-loving tourists aware of the Río Abajo Forest and Las Perdices 
trail and guided tours. It is important that the brochure indicate the relative rustic character of 
Río Abajo in order to attract the most appropriate crowd; focus on the natural attractions and 
not the structures.  
ACTIVITIES REQUIRED 
• Design and create brochure. See Appendix F for an example. 
• Have a Spanish translation on the reverse side. 
• Distribute to hotels, tourist offices, cruise ships, and other brochure areas. 
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RECOMMENDED OBJECTIVE 18: 
Create a virtual tour of the forest for future 
visitors and people who are unable to visit. 
 
Figure 121: Welcome Page to Virtual Tour 
DISCUSSION 
The virtual tour will include general information about the forest, the wildlife, and an 
interactive map. This will allow visitors to become acquainted with the forest before 
experiencing the area, and allow past visitors to learn more about things they saw. It could also 
be used by schools for environmental awareness.  
ACTIVITIES REQUIRED 
• See CD for example 
• See Appendix H for a description 
• Post online 
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Management Plan for Las Perdices Wetland 
Part III: Recommendations 
Section 3: Management Issues 
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RECOMMENDED OBJECTIVE 19: 
Keep records of the vegetation at these 
locations for future reference. 
 
Figure 122: File Folder 
LOCATION 
• Point of Interest C 
• Point of Interest G 
• Point of Interest I 
 
 
Figure 123: Vegetation that should be Inventoried 
DISCUSSION 
These locations have different types of vegetation (endangered, native, endemic, introduced) 
that should be monitored to ensure that the vegetation is not affected by visitors 
ACTIVITIES REQUIRED 
• Document species present 
o Perform Point Count survey to determine the occurrence of specific plant 
species 
• Return to sites periodically (monthly, semi-annually) to re-document 
• Chart trends over time 
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RECOMMENDED OBJECTIVE 20: 
Work with Comunidad Jobos to ensure that 
the management plan will be beneficial to 
both the environment and the community. 
 
Figure 124: House in Comunidad Jobos 
DISCUSSION 
With an increase in the number of visitors to the forest, it may cause a disturbance in the 
lifestyles of the local community. Planners should discuss with community leaders the issues 
and possible consequences of the proposed plan. Community involvement in the management 
plan and its implementation should be encouraged. 
ACTIVITIES REQUIRED 
• Communicate to current forest workers which reside in Comunidad Jobos the 
importance of community involvement 
• Hold a meeting with residents and community leaders for an open discussion of 
opinions on the pending plan 
• Promote the employment of community members within the forest as well as private 
business ventures 
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RECOMMENDED OBJECTIVE 21: 
Apply to DNER Administración de Asuntos 
de Energía (AAE)  for alternative energy 
sources funding. 
 
Figure 125: Administración de Asuntos de Energía Symbol 
DISCUSSION 
The Energy Issues Administration or AAE supplies grants and funding for alternative energy 
projects. We received strong indications from AAE engineers that Las Perdices project could 
easily receive this money. The funding will cover all costs, including materials, installation of 
solar panels, maintenance, and manual labor.  
ACTIVITIES REQUIRED 
• Acquire and complete the application from the Energy Issues Administration of the 
DNER 
• Evaluation by Energy Issues Administration engineer 
• Initial cost analysis 
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RECOMMENDED OBJECTIVE 22: 
Apply to Forest Stewardship Program, Forest 
Legacy Program, and FLEP for general 
management plan funding. 
 
 
 
Figure 126: Multiple Environmental Funding Programs 
DISCUSSION 
These programs provide funding to the DNER for trail clearing, sign making, observation 
posts, and other low-impact developments. From discussions with the forest services, 
universally accessible projects are preferred for funding. Most of these grants require matched 
funding, resources, and/or work force by the DNER.  
ACTIVITIES REQUIRED 
• Acquire, complete, and return applications 
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RECOMMENDED OBJECTIVE 23: 
Apply to private companies and non-
government organizations for sponsorship. 
• banks 
• car companies 
• energy companies 
• pharmaceutical companies 
 
Figure 127: Cabo Rojo's Corporate Sponsorship Sign 
DISCUSSION 
Many grants will not fund construction projects in state reserves; in order to finance such 
projects, the DNER may need to seek donations from private companies and/or non-
government organizations.  
ACTIVITIES REQUIRED 
• Complete management plan to have as a deliverable to companies 
• Prepare presentation and sponsorship letters 
• Approach businesses such as the ones shown above who sponsor Cabo Rojo Natural 
Reserve 
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RECOMMENDED OBJECTIVE 24: 
Develop regulations to promote preservation, 
reduce vandalism and reduce destructive 
behavior of important areas  
 
Figure 128: Regulations sign 
LOCATION 
• Visitors Center 
• Maria Soto 
• Point of Interest P 
• Point of Interest G 
• Point of Interest I 
 
Figure 129: Endangered species in need of regulations sign 
DISCUSSION 
This management will focus on endangered species and irreplaceable natural areas such as 
the caves. It will be done through several methods including creating regulation signs, 
incorporating warnings in brochures and expressing concern during guided tours. 
 
 
ACTIVITIES 
• Make signs and posters for areas in need 
• Determine appropriate disciplinary actions to take on destructive visitors if any 
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Chapter 7. APPENDICES 
APPENDIX A. – MISSION OF ORGANIZATION 
Though it is referred to as the Department of Natural and Environmental Resources in 
this document, in Puerto Rico the DNER is known as the “Departamento de Recursos Naturales 
y Ambientales” (DRNA). The mission of the DNER is to protect, conserve and administer the 
natural and environmental resources of Puerto Rico in order to guarantee to the next generations 
their benefit, and to stimulate a better quality of life.  
Falling under the jurisdiction of the DNER are wildlife (birds, mammals, amphibians, 
reptiles, and plant species), 19 state forests, and 28 natural reserves. The natural resources and 
systems such as caves, caverns, wetlands, and other critical habitats for species in danger of 
extinction are also the responsibility of the DNER. Socially, it is their duty to control the 
activities originated by humans and to control extractions from the environment. The DNER has 
combined their mission and responsibilities into an overall vision statement: to create a healthy 
atmosphere through the promotion of sustainable use of the natural resources, the arrangement of 
the environmental management, and the transformation of the Puerto Rican environmental 
culture toward one of conservation. 
Part of the DNER’s Forestry Service Agreement is to develop the plans of the state 
forests of the island in order to integrate plans for the management, conservation, and protection 
of forests and their bordering areas. On October 1, 2003, the Wildlife and Forestry Management 
Plan of the Río Abajo Forest began. The objectives of this plan are to provide new recreational 
areas, investigations, management, and conservation of less frequently visited locations of 
particular interest and beauty. Working on this project are the group’s liaisons: director of forest 
services and project leader Mr. Edgardo González, acting director and biologist Mr. Eduardo 
Cintrón, field biologist Mr. Víctor Rodríguez, and environmental planner Ms. Mía Sued. 
 
The particular project that our group falls under is the Commencement Plan of the 
Managing Zone of Las Perdices Wetlands. Following the DNER’s vision statement, this 
project’s purpose was to identify natural areas of interest with the goal of providing the public 
new recreational areas, educational activities and investigations, which will stimulate interest in 
the ecosystem’s protection.    
Edgardo 
González
Eduardo 
Cintrón 
Mía 
Sued 
Víctor 
Rodríguez
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APPENDIX B. – COMMON FLORA SPECIES OF LAS PERDICES 
Location
F= Forest
B = Border of Wetland
W= Wetland
Location Species Common Name Notes
W Acrostichum danaeifolium Inland leather fern Aquatic 
B Adiantum sp (a) Maiden hair fern
F Adiantum sp. (b) Maiden hair fern
W Alternathera philoxeroides Alligater weed Aquatic 
B Andira inermis Moca Important food source for bats
F Antirhea sintenisii Quina
B Asclepias curassavica Milkweed Good food source for butterflies
F Bambusa vulgaris Bamboo Introduced to help prevent erosion
B Bromelia pinguin Maya
B Calophyllum calaba Maria tree Important food source for bats
F Calyptranthes zuzygium Myrtle-of-fhe-river
F Calyptronoma rivalis Manaca palm Require a lot of water to grow
B Casearia decandra Carracolillo
F Casuarina equisetifolia Casuarina
B Cecropia schreberiana Trumpet tree Food source for wildlife
F Cedrela odorata Spanish cedar tree Hard wood tree
B Centella erecta None
B Cestrum magrophylia Galan de monte Food source for wildlife
B Chrysophyllum argentea Star apple Food source for wildlife
F Clidemia strigillosa Terciopelo
W Clusia rosea Cupey tree Important food source for birds 
B Coccoloboa pubescens Moralon Good native hard wood
F Coccothrinax alta Fan Palm
B Commelina elegans Cohitre Feed to livestock (blue flower)
B Comocladia glabra Carrasco Poisonous sap
B Cordia bellonis None Endangered
F Crinum zeylanicum Lirio Ornamental
W Cyperus odoratus None Grassy/hairy fragrant and flat edge
B Cythae arborea Tree fern
B Dendropanox arborsus Palo de pollo
F Dioscorea cayennensis Yam plant
F Erythrina poeppigiana Brucayo gigante Good for shade and nitrogen fixation
B Eugenia confusa Red stopper Food source for wildlfe
N Eugenia eggersi Wild guava Food source for wildlife
B Ficus trigonata Strangler fig Food source for wildlife
B Fiscus sintenisi Strangler fig Food source for wildlife
B Gesneria cuneifolia None
The little red flower, small one that 
clings to rock
B Gesnoria pedunculosa Arbol de navidad Endemic to Puerto Rico
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B Gonzalagunia spicata None
Possible food source for Puerto 
Rican parrot
F Guarea guidonea Guaraguao
Food source for wildlife and hard 
wood
F Guettarada scabra Cucubano
B Guettarda elliptica Velvetsteed
B Guettarda scabra Roughleaf Velvetsteed
B Guzmaia sp Bromelia On the palm-like pineapples
B Heliconia caribaea Helicona Ornamental
F Hibiscus elatus Mahoe
Good hard wood, used to be used as 
plantations
B Honalium racemosun Caracolillo
W Hydocotyle umbellata Marsh pehnywort
B Ilex nitida Holly
B Inga vera Guaba
Produces pod 5-8 seeds sweet 
sugars
B Licaria triandra Gulf licaria
B Malvaviscus penduliflorus Sleeping hibiscus Ornamental
B Marcgravia rectiflora Pega palma
B Miconia laeviegata Camase paloma Good food source for wildlife
B Nectandra patens Cap-Berry
F Nephrolepis sp. Fern
B Ocotoa leucoxylon False avocado
F/B Oncidium altissimum Orchid Lluvia de oro
W/B Paullinia pinnata Bejuco costilla
B Philodendron giganteum Thick vines Ornamental
F Philodendron hederaceum Philodendron Ornamental
B Physychotria sp Cachimbo
B Piper amalago Higuillo
Pepper family, used for medicinal 
purposes
F Piper swartziamum Higuillo Rare
B Pithecellobium arboreum Cojoba Halluciogenic
F Polyfala cowellii Violeta Rare, very scenic when in bloom
B Polypodium sp Fern
F Polypodium sp. Fern
B Pouteria multiflora Jacana Good food source for wildlife
F Prestoa montana Sierra palm
Good food source for wildlife, 
specifically for Puerto Rican parrot
F Psychotria sp. Cachimbo
F/B Roystonea borinquena Royal palm
Good food source for wildlife, 
specifically for Puerto Rican parrot
B Sagitaria lancifolia None
F Sapium laurocerasum Tabaiba
Toxic sap that makes body parts 
swell
B Sideroxylon cubensis Espejuelo Good food for wildlife 
B Sideroxylon salcifolia Willow bustic Good food for wildlife 
F Spathodea campanulata African tulip tree Exotic
F Swietenia macrophylla Mahogany Hard wood tree
F Tectona grandes Teak Hard wood tree
F Thelypteris sp. Fern
B/W Thelyptoris sp. Fern Provides protection for aquatic birds
F Thespesia grandifolia Maga tree National flower and tree
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F Thounia striata Ceberroquillo
F Trophis racemosa None
W Typha domingensis Cat tail
B Vanilla poitaei Vinillia orchid
B Xanthosoma sagitifolium Malanga
F Zanthoxyllum martinicensis Espino rubial
F Zingiber zerumbet Ginger Ornamental
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APPENDIX C. – COMMON BIRD SPECIES OF LAS PERDICES 
Latin Name 
English Common 
Name 
Spanish Common 
Name Endemic Common/Rare
Amazona vittata Puerto Rican parrot Cotorra de Puerto Rico Yes Endangered 
Anthracothorax 
dominicus Antillean mango Zumbador Dorado No Occasional 
Anthracothorax 
viridis Green mango Zumbador Verde Yes Occasional 
Buteo platypterus Broad-winged hawk Guaraguao de Bosque No Endangered 
Chlorostilbon 
maugaeus Puerto Rican emerald  
Zumbadorcito de 
Puerto Rico Yes Occasional 
Coereba flaveola Bananaquit Reinita No Common 
Columbina 
passerina Common ground dove Rolita No Occasional 
Contopus latirostris 
Lesser Antillean 
pewee Bobito No Occasional 
Crotophaga ani Smooth-billed Ani Judío, Garrapatero No Occasional 
Dendroica adelaidae Adelaide's Warbler Reinita Mariposera Yes Occasional 
Gallinula chloropus Moorhen Gallareta Común No Rare 
Geotrygon montana Ruddy quail-dove Paloma Perdiz Rojiza No Rare 
Loxigilla 
portoricensis Puerto Rican bullfinch Comeñame Yes Common 
Margarops fuscatus Pearly eyed thrasher Zorzal Pardo No Common 
Melanerpes 
portoricensis 
Puerto Rican 
woodpecker 
Carpintero de Puerto 
Rico Yes Occasional  
Myiarchus antillarum 
Puerto Rican 
flycatcher  Juí de Puerto Rico  Yes Occasional 
Otus nudipes 
Puerto Rican screech-
owl Múcaro Común Yes Common 
Parula americana Northern parula Reinita Pechidorada No Migratory 
Saurothera vieilloti 
Puerto Rican lizard-
cuckoo Pájara Bobo Mayor Yes Occasional 
Tiaris olivacea Yellow-faced grassquit Gorrión Barba Amarilla No Occasional 
Todus mexicanus Puerto Rican tody 
San Pedrito de Puerto 
Rico Yes Common 
Turdus plumbeus Red legged thrush Zoral de Patas Rojas No Occasional  
Vireo altiloquus Black whiskered vireo Julián Chiví No Common 
Vireo latimeri Puerto Rican viero Bien-te-veo Yes Occasional  
Zenaida asiatica White winged dove Tόrtola Aliblanca No 
Occasional/ 
Common 
Zenaida macroura Mourning dove Tόrtola Rabilarga No Occasional 
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APPENDIX D. – MAPS  
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Topography and Las Perdices Drainage Area 
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APPENDIX E. – BIRD PAMPHLET 
A Quick Look at  
The Birds of Río Abajo’s Wetland; 
Las Perdices  
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Amazona vittata Puerto Rican Parrot Cotorra de Puerto Rico 
Length:  30-33cm  
 
 
 
 
 
Photo by: U.S. Fish & Wildlife Service 
 
The endangered Puerto Rican parrot is the only 
parrot that is endemic to the USA.  There are two 
aviaries in Puerto Rico that are working on 
reinstating the bird into the forests of the island. 
In Río Abajo, the Dr. José Vivaldi Aviary is home 
to over 100 parrots and efforts are being made 
towards the release of some of the birds into the Río 
Abajo in 2006.  This parrot is green throughout his 
body, has a red mark upon its forehead. And white 
eye-rings.  The Puerto Rican parrot eats seeds, 
flowers, leaves of flowers, bark and fruits.  One of 
the most important fruit this bird eats in the Río 
Abajo Forest is the sierra palm’s fruit.  This bird is 
very sensitive to outside noise and will not nest and 
reproduce if it feels like it is in a threatening 
environment.  If the bird does nest it will typically lay 
2-4 eggs in a cavity of a tree between the months of 
February and May.  
 
 
Antracothorax 
dominicus Antillean Mango Zumbador Dorado 
Length: 11-12cm  
  
Photo by: G Beaton  
 
 
This non-endemic yellowish-green 
hummingbird is larger then most. The 
distinguishing feature of this bird is its’ 
faintly curved beak. The male has a black 
chest while the female’s is white. This 
hummingbird normally nests in banana 
trees anywhere between 1-7 meters above 
ground and is known to reproduce year 
round; even though March through August 
is the most popular time for mating.  The 
Antillean mango feeds on insects such as 
ants, beetles, wasps and flies. 
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Anthracothorax viridis Green Mango Zumbador Verde 
Length: 11-12cm  
 
Photo by: G. Lasley 
 
 
The green mango is endemic to Puerto 
Rico and is one of the bigger 
hummingbirds on the island. The bird’s 
body is green except for its blue tail. This 
hummingbird’s diet consists of flower 
nectar, insects and spiders. The bird has 
been known to battle other birds for some 
of the more desirable flower nectar and 
fruits. During nesting the female will 
incubate the eggs while the male normally 
perches on a nearby tree to protect his 
family. 
 
 
Buteo platypterus Broad-winged Hawk Guaraguao de Bosque 
Length: 34-44cm  
 
Photo by: A. Sanchéz 
 
 
The brown broad-winged hawk is on the 
federal endangered list in Puerto Rico. 
Three distinctive features of this bird are its 
“rufous” underbody, the black and what 
banded tail and the white tips on the wings, 
which can be seen during flight. The 
hawk’s diet consists of birds, lizards, 
centipedes, and other large insects. The 
hawks make their nest of sticks and the 
female will incubate the young while the 
male hunts for food.  
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Chlorostilbon maugaeus Puerto Rican Emerald Zumbadorcito de Puerto Rico 
Length: 9-11cm  
 
Photo by: G. Lasley 
 
The distinguishing features of this endemic 
hummingbird are that the male has a flesh 
covered lower beak and the female has 
white tips on the feathers of her tail. These 
territorial birds will chase other bird 
species out of their space in the forest if felt 
vulnerable. The Puerto Rican emerald feeds 
on flies, mosquitoes, spiders and nectar. 
The most typical months for these 
hummingbirds to reproduce is during the 
months of February through May but they 
will breed year round. 
 
 
 
Coereba flaveola Bananaquit Reinita 
Length: 10-12cm  
Photo by: M. Oberle 
 
 
On the island of Puerto Rico the 
bananaquits consist of 2/3 of all birds. The 
bird can be distinguished by its small 
curved beak, gray throat, yellow belly, 
black top half of the body and the white 
eye stripe and white patch located on its 
wings. The bananaquits often participates 
in mixed-specie foresting with the tanagers 
and migrant warblers and likes to eat 
insects, spiders, flower nectar, and fruits on 
levels of the forest. Both the male and 
female will help build a small circular nest 
and may nest more then once before flying 
north. 
 
 
 134
 
Columbina passerina Common Ground Dove Rolita 
Length: 15-18cm  
 
 
Photo by: M. Oberle 
 
This gray dove is relatively small in 
comparison to other species of doves. 
Other than in size the common ground 
dove can be distinguished by the scaly 
patterns present on its head and wings. 
A way to determine the male from the 
female is the fact that the females tend 
to be a duller color than the males. Its 
diet consists mostly of seeds and berries. 
These birds mate between February and 
October, but mostly in the timeframe 
from April through June. 
 
 
 
Contopus latirostris Lesser Antillean Pewee, Flycatcher Bobito 
Length: 15cm  
 
Photo by: G. Beaton 
 
 
The Contopus latirostris has a thick beak 
that is an adaptation to enable it to catch 
flies and other insects. This bird can be 
identified by its grayish-black upper body 
and its feathery white (immature bird) or 
pale yellow (mature bird) underbody. This 
unique species of flycatchers are smaller 
and less active than other flycatchers. Its 
diet consists mostly of insects and spiders 
with hardly any vegetables.   
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Crotophaga ani Smooth-billed Ani Judío, Garrapatero 
Length: 30-36cm  
 
Photo by: B. Hallett 
 
 
This bird’s body is completely black 
with a large black bill whose shape 
resembles the beaks of parrots. This bird 
usually resides in the lower levels of the 
forest canopy; on the forest floor or in 
shrubs. The ani eats insects, lizards, 
berries and the eggs of other birds. Their 
stick nest can consist of up to 20 blue 
eggs. Both the female and male smooth-
billed ani helps in the incubation of their 
young.  
 
 
 
Dendroica adelaidae Adelaide's Warbler Reinita Mariposera 
Length: 12cm  
 
 
Photo by: M. Oberle 
 
 
This endemic warbler has a 
bright yellow belly and a gray 
with a tint of blue upper body. 
Its head is grayish blue with a 
yellow throat and a yellow line 
above each of the warbler’s 
eyes. The diet of this bird 
consists of a large variety of 
insects such as stink bugs, flies, 
weevils, grasshoppers, 
caterpillars, spiders, and 
various species of beetles. On 
very rare occasions the bird has 
been known to eat small frogs. 
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Gallinula chloropus Common Moorhen Gallareta Común 
Length: 32-35cm  
Photo by: B. Hallett 
 
 
This bird can be identified by its red “facial 
shield” and a blue and gray body, and lastly 
by a white line that is displayed on its side. 
The moorhen resides in and nests in 
swamps, wetlands and freshwater marshes. 
In these habitats the moorhen likes to eat 
algae, insects, worms, frogs, plant leaves, 
and seeds. Less occasionally, they will feed 
upon on eggs and chicks of other bird 
species. This bird is considered to be 
common and well populated throughout the 
island of Puerto Rico. 
 
 
 
Geotrygon montana Ruddy Quail-Dove Paloma Perdiz Rojiza 
Length:  19-28cm  
 
Photo by: S. Bentsen  
 
This Dove is a reddish color with the 
female being a fainter color than the male.  
It resides on the floors of the forest and 
the brush of the forest can be heard 
rustling when it takes off into flight.   The 
ruddy quail-dove likes to eat rotten 
oranges and other fruits on the floor of the 
forest.  The bird will nest on the floor or 
close to it in the months between February 
and August.  The wetland Las Perdices 
was named after the perdiz doves because 
these birds use to be very abundant in the 
area but with deforestation and hunting 
greatly reduced their numbers. 
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Loxigilla portoricensis Puerto Rican Bullfinch Comeñame 
Length: 17-19cm  
 
 
Photo by: M. Oberle 
 
This endemic bird is almost 
completely black with three 
distinguishing red marks on its body 
located on the base of its tail, throat, 
and on the top of its head. The 
Puerto Rican bullfinch’s diet 
consists of insects, spiders, seeds, 
snails, buds, and fruits. This bird’s 
song can be heard throughout the 
day. The Puerto Rican bullfinch 
makes a spherical nest with a side 
entrance usually consisting of about 
3 eggs. 
 
 
Margarops fuscatus Pearly Eyed Thrasher Zorzal Pardo 
Length:  28-30cm  
 
Photo by: B. Hallett 
 
 
 
This brown bird has a long tail and a 
white and brown spotted belly.  The 
bird will build stick nest in tree 
cavities, normally laying around 2-4 
eggs.  The diet of the pearly eyed 
thrasher consists of insects, walking 
sticks, beetles, berries, and fruits.  
Less often the bird has been known 
to eat small crabs, lizards, frogs and 
other birds’ eggs and young.  This 
bird is a known predator to the 
Puerto Rican parrots young.  
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Melanerpes portoricensis Puerto Rican Woodpecker Carpintero de Puerto Rico 
Length: 23-27cm  
Photo by: M. Oberle 
 
The Puerto Rican woodpecker is endemic 
to Puerto Rico. The bird’s eyes are 
surrounded by white, and its upper body is 
black. The throat of the bird is bright red 
which flows down to its breast. The 
female woodpecker has less red and more 
white on its belly. These birds also have a 
distinct white vent that can be seen during 
flight. The Puerto Rican woodpecker eats 
a variety of different foods including, 
berries, palm fruits, insects, beetle larvae, 
ants, earwigs, and on rarer occasions they 
will feed on frogs, scorpions and lizards. 
 
 
 
 
Myiarchus antillarum Puerto Rican Flycatcher Juí de Puerto Rico 
Length: 18-20cm  
 
 
Photo by: M. Oberle 
 
This small bird has a dark brown back with 
a light white/yellowish belly. The 
flycatcher eats flies as well as dragonflies, 
bees, wasps, weevils and caterpillars. Some 
of the bigger species this bird is known to 
eat on infrequent occasions are snails, 
frogs, and lizards. A small portion of the 
flycatcher’s diet consists of berries and 
fruit. From February to July the bird will 
nest in a tree cavity and will lay around 3-6 
eggs. Both parents incubate the eggs and 
interestingly the male as well as the female 
lose some of the feathers on its belly to 
help with the heat transfer from parent to 
egg. 
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Otus nudipes Puerto Rican Screech-Owl Múcaro Común 
Length: 23-25cm  
 
 
Photo by: L. Miranda 
 
 
This small brown owl has a lighter 
brown/white belly and white 
eyebrows/eye-rings. The diet of this owl is 
big insects, lizards, birds and rodents. It is 
not common to see the Puerto Rican 
screech-owl while hiking in the forest 
because this bird is nocturnal and rarely 
flies during the day.  This bird builds its’ 
nest in a hole in a tree and lays one or two 
eggs. 
 
 
Parula americana Northern Parula Reinita Pechidorada 
Length: 11-12  
 
Photo by: G. Beaton 
 
The parula is a type of warbler that is not 
endemic to Puerto Rico. The body of this 
bird seems to have a gray body, with the 
upper portion having a tint of blue, the 
male more so then the female. The parula 
has a yellow throat and breast area while 
the males yellow patch is broken up with 
an orange band across its breast. While in 
Puerto Rico the parula feeds upon insects, 
lantern flies, wasps, bugs, caterpillars, and 
beetles. The parula migrates to Puerto Rico 
during the winter months up north, arriving 
in Puerto Rico starting around August and 
most of the birds have left to travel north 
by May but some began to leave the island 
in February. 
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Todus mexicanus Puerto Rican Tody San Pedrito de Puerto Rico 
Length: 11cm  
           
          Photo by: L. Miranda  
 
 
The Puerto Rican tody has scattered yellow 
feathers on its sides and a bright red throat. 
The upper portion of the body is a bright 
green. Females of this species have white 
eyes and the males have gray. The tody 
feeds upon insects, spiders, and 
occasionally will eat flying insects, and 
lizards. These birds nest in the banks of the 
forest in a burrow that ranges from 25-
35cm long. Both sexes of the tody help 
with incubation of their young and 
sometimes the other birds will help. 
Nesting usually occurs normally between 
February and May. An interesting fact 
about the tody is that during cold weather it 
has the capability to lower its body 
temperature by 11 degrees Centigrade. 
 
 
 
Turdus plumbeus Red Legged Thrush Zoral de Patas Rojas 
Length: 25-28cm  
Photo By: M. Oberle  
 
 
This gray bird has red legs, beak and 
eyering. The red legged thrush’s throat is 
streaked with black and white lines. The 
thrush’s diet basically consists of insects 
and fruit such as beetles, caterpillars, 
wasps, crickets and ants. Less frequently 
the thrush will feed upon frogs, birds’ 
eggs, snails and lizards. The ideal time to 
here this birds’ song is in the early 
morning or at dusk when it is in the tree 
tops. 
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Vireo altiloquus Black Whiskered Vireo Julián Chiví 
Length: 15-17cm  
 
Photo by: B. Hallett 
 
This vireo has an olive upper portion, a 
wide bill and two distinguishing features 
on its face; two black lines which one runs 
through each eye, and the two black lines 
that lay below the bill. This bird feeds 
upon fruit, berries and insects consisting of 
weevils, beetles, cicadas, grasshoppers, 
walking sticks, mantids, caterpillars, ants, 
wasps and bugs. The black whiskered 
vireo migrates to Puerto Rico for the 
summer months, usually arriving in either 
February or March and leaves in August. 
The young of this small vireo usually 
hatch and are feed by both parents in May 
and June. 
 
 
Vireo latimeri Puerto Rican Viero Bien-te-veo 
Length: 12cm  
 
Photo by: G. Beaton 
 
This endemic little bird has a 
yellow belly and a gray head. 
Above and below its eye there is 
a little white crescent. The diet 
of this bird consists of 
grasshoppers, cicadas, beetles, 
aphids, spiders, caterpillars, 
lizards and berries. It can be 
seen in the mid to lower levels 
of trees. It is often difficult for 
birdwatchers to spot this vireo 
because it perches in dense 
vegetation and thick vines. 
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Tiaris olivacea Yellow-faced Grassquit Gorrión Barba Amarilla
Length:  11-12cm  
 
Photo by: M. Oberle 
 
This yellow-faced grassquit is a relatively 
small finch with yellow eye-stripe and 
throat.  The female has a lighter coloring 
then the brownish/olive-green male. The 
diet of this grassquit consists of seeds, 
fruits, spiders and insects.  It will often eat 
the seeds off of growing grass or from the 
forest floor. 
 
Saurothera vieilloti Puerto Rican Lizard-Cuckoo Pájara Bobo Mayor 
Length: 43cm  
 
Photo by: M. Oberle 
 
 
This brown bird has a white throat and red 
eyerings. It is easily distinguished by the 
white spots present on its tail. This cuckoo 
is large and its call sounds almost like a 
person laughing/chuckling. This bird eats 
mostly lizards but also feeds on insects 
such as large insects, spiders, cicadas, 
beetles and caterpillars. The cuckoo will 
reproduce by laying 2-3 blue eggs in a 
twig nest.  
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Zenaida asiatica White Winged Dove Tόrtola Aliblanca 
Length: 25-31cm  
 
Photo by: M. Oberle 
 
This dove can either be a gray-
brown or brown color and has a 
distinct blue eyering. Another 
distinguishing feature of this dove 
is its white patch on the wing. 
These birds search the forest floor 
for their food which consists of 
seeds and fruits. Their eggs are 
incubated for around two weeks 
and leave the nest after 13-16 
days. Unfortunately only about 
half of the young survive. 
 
 
 
Zenaida macroura Mourning Dove Tόrtola Rabilarga 
Length: 23-34cm  
 
Photo by: G. Beaton 
 
This dove searches for its food on 
the ground where it finds seeds. The 
female makes the nest in a fork in a 
tree and both parents help with 
incubating the eggs for 2 weeks. 
The new born young stay in the nest 
for about 2 weeks after the 2 weeks 
most of the baby doves can fly. It is 
not uncommon for the mourning 
dove to mate more then once during 
the mating season. 
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